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BOSTON HIGH PRESSURE FIRE SYSTEM AND GENERAL 
PROBLEM OF SPECIAL FIRE SERVICE. 


BY FRANK A. MC INNES.* 


[September 15, 1922.] 


The Boston high pressure fire system, as now proposed, will protect 
approximately one square mile of territory covering practically the entire 
congested value district of the city. It will consist of eight pumping 
units in three separate stations with 19 miles of mains. It is designed to 
operate, if the necessity should arise, at a pressure of 300 Ib. to the square 
inch. 

Two stations with four pumping units, 11.75 miles of mains and 313 
hydrants have been in service for the past seven months, furnishing ap- 
proximately two thirds the measure of protection which the completed 
system will afford. 

A description of the existing system follows: — 


PumpineG Station No. 1. 


Located in a fireproof isolated area, in the basement of the Lincoln 
Power Station of the Boston Elevated Railway Co., corner of Commercial 
and Battery Streets; fire hazard very slight. 

Equipment includes two Worthington 3-stage double suction cen- 
trifugal pumps, each direct connected to a Westinghouse 750 h.p. steam’ 
turbine of the horizontal impulse type, operating at 1165 r.p.m. with 
steam pressure of 175 lb., atmospheric exhaust. 

Two 16-in. suction mains, both connecting with low service distribu- 
tion system of city (pressure 50 to 60 Ib.) one of them also connecting with 
high service distribution system (pressure 85 to 90 lb.). One 16-in. suction 
main, connecting with large intake conduit supplying salt water from 
harbor to Boston Elevated power station for condensing purposes, pro- 
vides an emergency salt water supply. Two 16-in. discharge mains, each 
equipped with a Venturi meter, extend from the station to the H. P. F. 
distribution system. A centrifugal vacuum pump, with 75 gal. priming 
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tank, driven by a 10 h.p. 220 volt D. C. motor is provided to prime the fire 
pumps when suction is taken from salt water. 

A vertical centrifugal single stage sump pump, driven by a 220 volt 
D.C. motor, takes care of any leakage, etc., within the station. 

The water piping is of cast-iron with flanged joints, each piece of pipe 
in force main being separately tested at a pressure of 600 Ib. per sq. in. 
before being assembled. A 4-in. by-pass between suction and discharge 
piping equipped with the necessary check valves and meter, insures the 
absence of air in the system and provides means for measuring the leakage. 

The principal control valves on the piping system are electrically 
operated by Deane Control. Ross regulating valves are installed between 
the suction and discharge of each pump by means of which the pressures 
at the pumps are controlled from the operating board, upon which the 
necessary gages and indicators are installed and from which the valves 
in the piping system, the vacuum pump and the sump pump are operated. 

The turbines are started by hand throttle. Steam is supplied through 
an 8-in. loop pipe connecting to each end of steam header in the boiler 
room of the Boston Elevated station, where a battery of twenty (20) 
Babcock and Wilcox boilers with a total of 10 344 h.p. are located, eight 
to ten of these boilers being always in service. 

At an acceptance test made on December 9, 1921, by the National 
Board of Fire Underwriters, Pump No. 1 discharged 3 100 gal. per min. 
at 301 Ib. pressure and 4 676 gal. per min. at 201 Ib. pressure. Pump No. 2 
discharged 3 114 gal. per min. at 300 lb. pressure; 5 164 gal. per min. at 
209 Ib. pressure and 7 400 gal. per min. at 100 lb. pressure. The two 
pumps together discharged 6 580 gal. per min. at 292 lb. pressure and 
10 266 gal. per min. at 201 Ib. pressure. The above performance easily 
fulfilled the contract requirements. 


PumPiInG STATION No. 2. 


Located in a fireproof building, constructed for the purpose, within 
the boiler room of the third station of the Edison Electric Illuminating 
Co. on Atlantic Avenue, opposite Pearl Street; fire hazard very slight. 

The equipment includes two Worthington 4-stage single suction 
centrifugal pumps, each direct connected through semi-flexible couplings, 
to Westinghouse 750 h.p. 235 volt D.C. shunt wound interpole motor with 
a speed range from 860 to 1 050 r.p.m. 

Two 16-in. suction mains both connecting with low service distribu- 
tion system of city (pressure 50 to 60 Ib.) one of them also connecting with 
high service distribution system of city (pressure 85 to 90 lb.). One 
16-in. suction main, connecting with iarge intake conduit supplying con- 
densing water for the Edison station, provides an emergency salt water 
supply. 

Two 16-in. discharge mains, each equipped with a Venturi meter, 
extend from the station to the H. P. F. distribution system. Two cen- 
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trifugal vacuum pumps with a 75 gal. priming tank, each driven by 10 h.p. 
motor, are provided for priming the fire pumps when suction is taken from 
salt water. One vertical centrifugal single stage motor driven sump pump 
takes care of any leakage, etc., within the station. 

The water piping is of cast-iron with flanged joints, each piece of pipe 
in force main being separately tested at a pressure of 600 lb. per sq. in. 
before being assembled. A 2-in. by-pass between suction and discharge 
piping equipped with the necessary check valves and meter, insures the 
absence of air in the system and provides means for measuring the leakage. 

The principal control valves on the piping systems are electrically 
operated by Deane control. Ross regulating valves are installed between 
the suction and discharge of each pump by means of which the pressures 
at the pumps are controlled. 

The switchboard consists of two separate units; one board, designed 
to handle the heavy starting and running current required for the main 
motor, contains the connections from the Edison power lines, the bus bars 
and the secondary contactors for operating the motors. The other, or 
main control board, consists of four panels — one for each motor, one for 
the station auxiliaries, and one for the fire alarm. Each motor panel is 
equipped with drum master switches for operating the main motor, con- 
trol switches for motor operated valves, gages to indicate suction and 
discharge pressure, ammeter to indicate amount of current required by 
motor and wattmeter to register total power required by motor. 

In putting a pumping unit into service it is necessary to turn one, 
two or three master switches, depending upon which suction and dis- 
charge mains are to be operated; one master switch only is required to 
bring motor up to speed, the delivering of water and its pressure being 
determined by operation of a motor field rheostat and the Ross regulating 
valve; the control of the latter is through a hand valve immediately in 
front of each motor panel; the actual position of the regulating valve 
being shown at all times on a dial visible from the operating platform. 
Two Venturi meters which register the water pumped into each discharge 
main, are located immediately beside the control board. 

The above arrangement makes it possible for one man to operate 
easily and quickly the entire equipment in the station. Under normal 
conditions fire pressure is available within 40 sec. after an alarm is 
received. ; 

In the event of failure of the fresh water suction supply, the pumps 
can be primed and ready for service with salt water, in less than three 
minutes time. 

Power for operating the pumps is furnished through cables extending 
to the pump room from the main switchboard in the generating room of 
the Edison third station in which are located four 1 600 k.w. and two 
800 k.w. direct current generators, and four 1 000 k.w. and one 500 k.w. 
motor generators. The direct current génerators are operated by engines 
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supplied with steam from a battery of nineteen (19) boilers of 8 400 h.p. 
capacity, six to ten of the boilers being always under steam. The motor 
generators receive current at 6 600 volts A. C. from the main station of 
the Edison Co. in South Boston, delivering it at 250 volts D.C. Three 
underground transmission lines extend, over two separate routes, to the 
Edison third station, any two of which have sufficient capacity to operate 
the entire motor generator installation in the station. Ten direct current 
tie lines from seven sub-stations in the city are available, on an emergency, 
to supply 1 500 to 1 800 k.w. to the Edison third station. In addition, two 
storage batteries with a combined capacity of 9 470 ampere hours, sufficient 
to run both fire pumps for a period of approximately two hours, are avail- 
able at the Edison third station. 

At a test recently made by the National Board of Fire Underwriters, 
Pump No. | discharged 3 141 gal. per min. at 298-lb. pressure and 4 413 
gal. per min. at 202-lb. pressure. Pump No. 2 discharged 3 000 gal. per 
min. at 300-lb. pressure and 4 407 gal. per min. at 200-lb. pressure. The 
two pumps operating together discharged 6 580 gal. per min. at 292-lb. 
pressure. The above performance easily fulfilled the contract require- 


ments. 
DISTRIBUTION SYSTEM. 


The system was designed to deliver 12 000 gal. per min. about any 
block with a hydrant pressure of 250 lb. per sq. in., and a pump pressure 
of 300 Ib. per sq. in. As a matter of fact, the efficiency of the system 
exceeds this requirement as during construction the sizes of mains were 
increased in several instances to provide for different proposed Jocations 
of pumping stations. One hydrant is allowed for each 40000 sq. ft. of 
area; to secure this distribution, a tracing of the pipe system was super- 
imposed on a sheet of cross section paper in which each square represented 
40 000 sq. ft. In this way a sufficient number of hydrants were located to 
fulfill the requirement. 

The system is so designed that, when completed, it will be operated 
under normal conditions in two parts overlapping each other, or as a 
duplicate system. This arrangement calls for slightly larger mains, but 
greatly increases the efficiency in the event of a broken main or hydrant; 
in such a case, one system would be at once shut off at the pumping station 
and would remain out of service until the gates required to control the 
break had been closed, the other system continuing to function at full 
power; in other words, approximately one half the hydrants would re- 
main in service despite a break in the system. 

The system now consists of — 

20 140 lin. ft. 20-in. pipe, 1.51 in. thick. 


28 808 lin. ft. 16-in. pipe, 1.27 in. thick. 
13 081 lin. ft. 12-in. pipe, 1.04 in. thick. 


with 313 hydrants supplied by 8-in. pipe 0.8-in. thick. 
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The straight pipe and special castings are cast-iron excepting branches 
where the opening from the run is 12 in. or over, in which case semi-steel 
is used. All pipes were subjected to a hammer test at a pressure of 500 Ib. 
per sq. in. 

Two lead grooves are cast in bell end and two in spigot end of each 
pipe. If it is necessary, during installation of system, to cut a pipe, two lead 
grooves are required in their proper location near the end of the cut pipe. 

The joint material used where unbalanced pressures exist, or might 
develop, is an alloy of 95 per cent. lead and 5 per cent. tin. Extensive 
preliminary tests showed that the admixture of tin increased the strength 
of the joint sufficiently to safely permit tie rods to be dispensed with; a 
conclusion that has been verified in practice. The joints were made as 
follows: — 

A small pouring pot is kept warm floating in a larger kettle of hot 
lead; when the joint is to be made, sufficient lead is measured into the 
small pot and the necessary amount of block tin is added at the last minute. 
The caulking is done with dog tools using a two handed 4-lb. hammer, 
a starting chisel and three sets of caulking chisels. The joint is finished or 
polished off with hand tools. 

The mains, in order to avoid as far as possible interference with sewer 
drains and water services, were laid at a normal depth of 5.5 ft. from the 
surface of the street to top of barrel of pipe — they were all tested, before 
joints were covered, for a period of one hour at a pressure of 400 lb. per 
sq.in. For several years past no difficulty has been experienced in keep- 
ing the joint leakage below one half gal. per lin. ft. of pipe joint per 24 
hours; in fact, there is usually no leakage of this kind. It is however, 
impossible to avoid some loss of water at gates and hydrants, and the 
contract test requirement adopted of 2 gal. leakage per lin. ft. of joint 
in 24 hours is as small as is practicable. 

The post hydrant used was designed and patented by Joseph A. 
Rourke, now Commissioner of Public Works of Boston. It is of rugged 
design with 83-in. barrel 63-in. main valve, opening against the pressure, 
and four 23-in. independently controlled outlets. A notable feature of 
the design is an auxiliary valve formed by three way cock operated by a 
covered stem extending along the side of the barrel and terminating in 
an operating nut at the head of the hydrant. One position of the three 
way cock closes the waste and equalizes the pressure above and below the 
main valve in hydrant barrel, the other position opens the waste and 
closes the connection with hydrant barrel. The hydrant was designed for 
a normal delivery of 2000 gal. per min., the loss at this flow being less 
than 8 lb. 

The valves, designed by the department, are of the solid wedge type, 
bronze mounted, bodies and bonnets of semi-steel of 30000 lb. tensile 
strength. All stems are of monel metal, tensile strength 80000 lb. per 
sq. in. Each gate was tested for strength at 500 Ib. per sq. in., for leakage 
at 450 lb. per sq. in., and for operation at 300 Ib. per sq. in. 
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SIGNAL SYSTEM. 


Alarms are received in the pumping stations on the usual tapper 
and gong circuits of the Fire Department alarm system with a perforating 
register and small gong on the tapper circuit and gong on the gong circuit. 
For signalling from fires, two special circuits connecting telephone jacks in 
fire alarm boxes in high pressure fire zone to a Morse key, telephone jack 
and relay at fire alarm headquarters; the relays operate registers, time 
stamps, flash lights and sounders. Portable telegraph and telephone in- 
struments, carried by chief officers responding in high pressure districts, 
are used for code signals for increase or decrease in pressure; these are 
repeated over a special alarm circuit connecting fire alarm headquarters 
with both stations; Morse keys and relays operating perforating registers 
and red flash light are provided at headquarters and each station; head- 
quarters has a tapper and time stamp and each station an 8-in. turtle 
gong. Orders from one station to the other for the operation of additional 
pumps are transmitted directly over this circuit. Fire alarm switchboards 
in the pumping stations are of slate, with metal mountings; standard fire 
station keys and switches provide testing facilities on each board. A 

-single telephone line connects the Fire Department telephone switchboard 
in headquarters with both stations. 

All orders are transmitted by telegraph, using special code signals 
for purposes of record; telephones are used only for confirmation. Signals 
repeated back for verification. 

The system is operated by the Fire Department, the distribution 
system only being maintained by the Public Works Department. 

The two pumping plants complete were furnished and installed by the 
Westinghouse Elec. & Mfg. Co., George 8. Gibbs, Boston representative. 


GENERAL PROBLEM OF SPECIAL FIRE SERVICE. 


A well designed and properly installed H. P. F. system is an in- 
valuable weapon of defense against fire, its notable characteristics being 
power and dependability. 

At times, a simple wooden club may suffice to maintain order; again, 
a revolver is necessary to effect the same purpose, and again a gatling 
gun must be called into service to avoid disaster; so in fire fighting, the 
time is sure to come when the special fire system, like the gatling gun, is 
indispensable if the fire demon is to be held in check. The ability to furnish 
a sufficient number of large and uniformly powerful streams, in other 
words, the power to make every blow a hard blow, is one outstanding 
advantage of such a system. This does not mean that high pressure 
must always be carried, but simply that the required volume of water at 
the necessary pressure is quickly and surely available; in New York 125- 
lb. pump pressure has been found to be sufficient in approximately 90 
per cent. of the fires; in one instance only has 225 lb. been found necessary. 
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In Boston, during the eight months the system has been in service, 125- 
lb. pump pressure has not yet been exceeded in approximately 100 fires, 
none of them, happily, being serious. If the mains of the distribution 
system are of ample size, the name “high pressures” will prove a misnomer, 


except in the case of multiple serious fires or of a train of adverse cir- _ 


cumstances resulting in a threatened conflagration. When unusual 
danger threatens, the power is available and under other and normal 
conditions the system functions most effectively, as a flood of water 
through large nozzles at a uniform pressure can be very quickly made 
available. 

A second outstanding advantage is the fact that no connections 
other than those to hydrants are taken, or at least should be taken, from 
the mains of the system; with the result that the demands upon it are only 
those made by the firemen who know its limitations, and it can be depended 
upon to function with full power under all conditions. The importance of 
this feature is apparent when the following story of three recent conflagra- 
tions is told. 

In Baltimore, 1904, water was found to be flowing to waste more or 
less freely when the fire was under control, through the following pipes: — 

50 — 3-in., 4-in., 6-in. fire pipes, 
89 — 3-in., 4-in., 6-in. elevator pipes, 
6 — 6-in. service pipes, 
29 — 4-in. service pipes, 
108 — 3-in. service pipes, 
39 — 2-in. service pipes, 
24 — 1}-in. service pipes, 
52 — 1-in. service pipes. 


In Chelsea, 1908, despite an heroic effort to shut off all connections 
from the distribution system in advance of the fire, a careful estimate 
shows that approximately 6 700 gal. per min. were flowing to waste and 
destroying pressure at the height of the fire. 

In Salem, 1914, two 4-in. and one 6-in. pipes were wasting approxi- 
mately 7 200 gal. per min. within 40 min. after the fire started. In addi- 
tion, one 8-in., six 6-in. and two 4-in. pipes were discharging into broken 
inside equipment before the fire was under control. 

In the three above mentioned cases the inevitable happened; the 
work of the firemen being fatally handicapped by lack of water due to 
waste from broken connections, the amount of which, in each case, at 
least equalled the volume of water delivered on the fire. 

While direct permanent connections other than to hydrants are 
taboo, yet hose connections from hydrants to outside pipes supplying 
sprinkler systems and standpipes within buildings are of the greatest 
possible value. This fact has not been properly appreciated, at least as 
far as its practical application goes. It will be conceded that water from 
a sprinkler system is more apt to reach the seat of fire than are streams 
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directed from the outside; why then is it not sane and logical to require 
that a connection, equipped with pressure gage, be made to the sprinkler 
system at the outset of a fire, to be used if the pressure on the inside sys- 
tem falls too low for effective service, the sprinkler system, of course, 
being permanently equipped with the necessary check valves. 

The connections from distribution systems are rapidly growing in 
number and size, due to the-increasing demand for sprinkler protection 
and to the requirements of modern plumbing. The danger of destruction 
of hydrant service at time of fire must also increase, and the time is not 
far distant when the high pressure fire system will be considered a necessity 
in all locations where values are high and buildings congested. It con- 
stitutes the best insurance against conflagration yet devised. 

With the belief that the opinions of men who actually “ chew smoke” 
in the operation of special fire systems will prove valuable and interesting, 
the following is submitted: — 


Chief John O. Taber of Boston writes: — 


“The immense aggregation of values in the buildings and their con- 
tents in the business district of Boston, and the possibility of conflagrations, 
with tremendous losses which effect disastrous results on business and 
civic growth, are striking arguments in favor of providing the most effec- 
tive known means of preventing such catastrophies. The structural 
conditions existant in our city, the occupancies, and other features, tend 
to produce a high conflagration hazard, particularly in sections which 
are crowded and poorly accessible. Taken as a whole, the chances for 


sweeping fires in large cities are considerable, even though the Fire 


Department be efficient and well maintained. All that is required under 
certain conditions is the right combination of circumstances to make a 
fire too large for a department to handle. We had such a combination 
of circumstances in Boston on August 9, 1910. We have had many more 
since then in which we have been lucky. Pure luck, that’s all. 

“With the high pressure system in service, the mains are well looped 
in sufficient areas, with an ample supply of hydrants in which service will 
not be affected by the breaking of connections inside buildings, thereby 
bleeding the system. It has been the tendency in modern fire-fighting 
to use large penetrating streams, and these alone are effective on a fire, 
well under way, in the ordinary large area buildings filled with combustible 
stock. Engine supplies at the present time are not capable of alone fur- 
nishing the necessary volume through one of our large nozzles, while one 
hydrant on a high pressure system will supply four or five such streams. 

“To sum up the advantages of the high pressure fire system it means 
that a large number of powerful streams can be concentrated upon a fire 
in a much shorter space of time with fewer men and less apparatus than 
fire engines, and at the same time the protection of the rest of the city 
would not be weakened to the extent now necessary on multiple alarms 
from the district covered by the high pressure system. It will deliver its 
full capacity at any point in the district covered at any desired pressure, 
and can sustain this pressure indefinitely. It eliminates the confusion 
entailed in the operation of a large number of fire engines. It further 
tends to prevent a misunderstanding of orders, and in every manner 
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simplifies operation. Above all, it provides protection to the high-value 
district from which about all of our sources, supplies and revenue emanate. 
It is the greatest insurance against conflagration. It forms an effective 
barrier against fires starting outside the district, and offers the most 
efficient check in the district, which might otherwise involve a number of 
large blocks. 

‘“We have used the H. P. F. system for eight months past, at approxi- 
mately 100 fires. On arrival at the scene of fire we have found in all 
cases 125-lb. pressure ready and the service has been 100 per cent. I am 
satisfied that the use of the system has been such as to stop many of the 
fires in their incipiency, preventing greater loss than would have resulted 
without it. 

“T go on record as being unqualifiedly in favor of the completion of 
the present high pressure system.” 


Asst. Chief Joseph B. Martin of New York City writes: — 


“T beg leave to state that the high pressure water distributing system 
is one which admits of very broad consideration and, in my opinion, con- 
sidering the highly commendable and efficient result, which stands out 
paramount on every occasion that the high pressure system has been 
employed in New York City, one is safely empowered if he refers to it as 
being the greatest, most efficient and most substantial auxiliary unit for 
fire-fighting purposes ever employed or installed. 

“The extensive fires and conflagrations up to and previous to the year 
1904 in many large American cities caused the officials, and among them, 
New York, to view with alarm the possibility of a repetition of these fires 
and emphasized the necessity of installing ways and means of protection 
against such a calamity. The result was the preparation of plans for the 
introduction of the high pressure service, which was inaugurated in 1904, 
and completely installed and ready for service in 1908. 

“The first high pressure system in Greater New York, installed at 
Coney Island, demonstrated its value in July, 1908, when it was the 
dominant factor in extinguishing a conflagration which would, no doubt, 
have reduced the almost complete frame building construction there to 
ashes. 

“The constant, unvarying efficiency demonstrated by this high 
pressure system enables and prompts me to highly recommend and urge 
its installation in any city where water facilities are available and ac- 
cessible, and while the primary cost of installation is high in a city like 
New York, magnificent results are embodied in its readiness for immed- 
iate use, accessibility for connecting lines of hose to outlets, excellent 
water delivery and pressure control by independent valves, the simplicity 
of operation, elimination of smoke as from steam pumpers, ability to 
operate four or five lines from one hydrant. All of these facts enable me, 
from my practical association and observance of the high pressure system 
operation, to highly commend and recommend its adoption as the para- 
mount factor in auxiliary fire extinguishing equipment. 

‘Another reference that highly commends the efficiency of the high 
pressure installation is the fact that the district charges imposed by the 
underwriters were modified and reduced upon risks in buildings and con- 
tents located in the high pressure districts. 

‘And when I recall the night of January 9, 1909, when three very 
extensive and threatening fires took place at almost the same time, and 
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all in the high pressure district — fourth alarm, station 122, Hudson and 
Franklin Sts.; third alarm, station 169, Grand St. and Bowery; fifth 
alarm, station 265, Broadway and Bleecker St. The pressure at the pump- 
ing stations was raised to 225 lb. and it was estimated that 15 000 000 gal. 
of water was delivered through seventy lines of hose, and it was unani- 
mously agreed that the high pressure had saved the borough of Man- 
hattan from a record conflagration, and I positively verify and corroborate 
this statement. 

“At the Equitable Building fire in 1912, the high pressure system had 
not been extended to this locality at that time, being only installed as far 

as Maiden Lane, several blocks north of the Equitable Building, but 
= 3-in. lines were stretched and-even at this distance did very effective 
wor 
‘At another serious and extensive fire on 25th St., between 11th and 
12th Ave., many 3-in. lines were stretched from the then northern 
boundary of the high pressure system which extended at that time north 
only as far as 23rd St. Its operation here was credited with effectively 
controlling the area of fire on that side. 

‘“‘And so on through a long list of fires which were controlled and 
held and checked by the first alarm assignment — four engines, two 
trucks and a water tower — operating at times as many as eleven and 
twelve effective streams at a fire which would ordinarily call for a third 
alarm assignment if the locality was not within the high pressure zone 
and the excellent water delivery available. 

“T respectfully refer also to the recent fire at 110-114 Jane St., where 
several explosions and falling walls presented a very threatening and 
dangerous situation. This warehouse extends through from Jane St. to 
West 12th St.; a very extensive area, and when explosions took place the 
falling walls almost demolished adjoining residence buildings, and required 
the use of fifty lines of hose with effective streams from each with pressures 
of 125 Ib. at the start at the pumping station, which I ordered increased 
first to 150 lb. and then to 175 lb. This excellent pressure was main- 
tained uninterruptedly for nine hours when the fire was under control and 
not a- break was suffered with this exceptional demand on the six pumps 
which were used in the pumping stations. 

“And so on through a long list of fires. at which the high pressure 
water delivery has been used since 1908, there is the one sentiment, and 
that is unanimous, that it deserves the highest commendation and the 
most commendable references that can be awarded to any auxiliary fire 
extinguishing system in existence.” 


Chief Ross B. Davis, Philadelphia, writes: — 


“The many advantages attached to a high pressure system are num- 
erous and can be appreciated all the more after experiencing so many years 
without one. | 

“The disastrous conditions and possibly a conflagration may be 
avoided by the immediate use of the high pressure lines. Some fires gain 
such headway before arrival of apparatus that it is impossible to get 
within reach of them without a high pressure stream; especially where 
the fire reaches such a degree of heat that the surrounding property is 
instantaneously ignited. 

“T recall a large fire happened in the month of February, 1921, which 
was a four-story brick building with a 200-ft. frontage on a street 80 ft. 
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wide. The wind was blowing at about the rate of 22 miles an hour down this 
street. Notwithstanding the direction of the wind, the nature of the 
contents in this building generated heat to such a degree as to set fire to 
several buildings across the street, placing our men in a very hazardous 
position. 

“‘Many fires in upper floors of high buildings can be held and heat 
waves broken by high pressure lines until you can get your lines in action 
on the floors where the fire is burning. Extreme caution must be used 
in handling these lines and especially in the loading of buildings with the 
weight of water, particularly when working lines in buildings. 

“ The installation of the high pressure system is invaluable to any city 
or town and may in time be the means of doing away with the pumping 
unit in the Fire Departments, which may prove to be more economical. 

“The high pressure system, which has been installed to date, has 
performed such excellent service and has been such a gratifying success 
that I can not urge too strongly the installation of such system to cover 
an entire city.” 


Chief L. H. Elling, Toledo, O., writes: — 


“As a Fire Department auxiliary it has proven its great value by per- .. 


mitting the rapid concentration of a large number of powerful streams 
within the area served, and, by lessening the number of fire engines required 
to do this, increases the efficiency of the fire service in other parts of the 
city in case of a second fire. 

“The system has fulfilled our fondest expectations whenever we 
found it necessary to use same in the way of getting plenty of water, at 
any desired pressure, through short lines of hose, which has enabled us 
to confine all large fires in the congested district to their place of origin. 

“On several occasions we found it necessary to use more water than 
our combined fire engines could furnish and as the high pressure system 
uses raw water, it saves the low pressure system that much filtration. 

“The system is giving such good service in the territory covered that, 
in my opinion, it should be extended so that others would receive the 
benefits from same.’”” 


Chief William Russell, Toronto, Canada, writes: — 


_“T consider such means of combatting fires the most valuable ac- 
quisition obtainable and would advocate all large cities installing such pro- 
tection, expensive as it may be in the beginning. I venture to say that 
such a plant would repay any large city in no time. I have used ours very 
effectively at different times and would hate to assume my present re- 
sponsibility without it to fall back on.”’ 


Chief August Emrich, Baltimore, Md., writes: — 


“T have to say that the important points in connection with the 
Baltimore system are as follows: — 


“The installation of a steam plant in connection with horizontal, 
Corliss, twin simple, non-condensing, crank and fly wheel types of pumps. 

“The use of all lap-welded, soft, open hearth steel pipe, together with 
a universal joint designed without gaskets, and which thereby prevents 
leakage on the system. 
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“The use of portable hydrants of the type used here makes it possib] 
to take off of any one of four lines any pressure as may be desired, no: 
exceeding the pressure, of course, carried on the main at the time. 

“T have no hesitancy in saying that I do not think that a more modern 
type of high pressure system exists than as installed in the city of Balti- 
more, and when I say, and as I have shown you, that when pressure of — 
75 lb. maintained on the line can be raised to 250 lbs. in from 20 to 22 see 
and kept so for the heaviest fire service, I am of the impression that a more 
practical system for the extinguishment of fires is not in existence. 

“The installation of high pressure systems to prevent conflagrations 
and for the extinguishment of fires in large cities is indispensable, and ~ 
affords, in my opinion, the most modern method of fire extinguishment ~ 
possible at this time.” 


Chief Thomas R. Murphy, San Francisco, writes: — 

“San Francisco’s high pressure fire system has been constructed as 
an auxiliary fire fighting system, following the failure of the domestic water 
supply system after the earthquake of 1906, and as such, it has so far ful- 
filled every expectation. 

“ As its name implies, it is not intended to be used as a primary fire 
fighting force, or to eliminate pumping engines in the department, owing 
to the fact that its mains cover only certain sections of the city, and its ~ 
hydrants are in many cases set too far apart for efficient service, but for — 
its real purpose, viz. the reinforcement of the domestic water supply sys- 
tem, it has at very many occasions proved of very great value. 

“With 10 500 000 gal. of water stored at an elevation 758 ft. above 
city base, practically at the geographical center of the city, and delivered — 
by gravity (normally through two zone tanks acting as pressure reducers, © 
but capable of being delivered at a pressure of over 300 Ibs. per sq. in. 
in the down town and congested value districts), its superiority over the 
domestic supply system as a factor in controlling large fires, can readily 
be seen. 

“Whether or not a high pressure system is indispensable, should of 
course largely depend upon local conditions and the capacity of the domes- — 
tic supply,system, as far as San Francisco is concerned, the fire of 1906 has 
demonstrated the inadequacy of its domestic system and for safety, the 
high pressure system is absolutely indispensable. 

“ Ever since its completion, some nine years ago, the local high pres- 
sure system has been used at every large fire as far as its mains extend, 
and in every instance has given complete satisfaction.” 


The accompanying insert sheet gives a list of the existing H. P. F. 
and auxiliary fire systems in the United States and Canada, with data con- 
cerning the principal features of each system. The somewhat wide — 
divergence of design, due in part to local conditions, is notable. 
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lation c 
City. U. 8 Consus} hoy bt Type of Power. Gals 
lees 7 | Partly in 10: 
Atlantic City ...... 50 707 | “Service. Connections to hotel pumps .................eseeeeeeeee 
Baltimore ......... 733 826 1912 1 Station, 3 Allis-Chalmers horizontal Corliss, twin sim le, 13. 
non-condensing, crank and oe wheel pumps; 1 Epping 
| ene horizontal, duplex, direct acting, compound non-con- 
lensing (1 ver BP. m.) pump; 3 Edgmoor water tube boilers, 
1 160 h.p. each 
Boston... 30. cae 748 060 1921 No. 1 Station, 2 Worthington 3-s double suction cen- | 12: 
pumps direct connected to Westinghouse 750 h.p. | 18 | 
steam turbine, horizontal ae 1165 r.p.m., steam 
No 2 8 175 pounds, atmospheric 
0. 2 Station, 2 Worthington single suction, cen- 
trifugal Pumps, direct connected to Westinghouse 750 h.p. 
235-volt, D. C. shunt wound interpole motor, 860 to 1050 
r.p.m. 

Brooklyn ......... 2,018 356 1908 No. 1 Station, five sterbery Ye: 5-stage, horizontal, centrifugal | 24 ( 
pumps driven by General Electric 800 h.p., 6 600-volt, induc- | 40( 
tion motors. 

No. 2 Station, three units of same type and capacity. 

Rullele: . a 506 775 | Installation | 1 Station, three 4-stage, centrifugal pumps, 1 500 r.p.m., 9¢ 

in driven by three 750-b.p. er Pig Ages Roma gel il F dca 


Progress. steam pressure 225 Pend, ene Heaven by on Se Apering 
bone spur gears, running in oil. 























































Cincinnati ........ 401 247 1917 co, RRR tio Siths Ch Basen AN ig Bape 10 
Cleveland ......... 796 841 1907 1 Station, motor-driven centrifugal pumps ................ 120 
Coney Island ...... HS 1905-6 1 Station, 3 Gould triplex pumps driven by Nash gas engines. 36 
Detroit -) eee. 993 678 | Installation | 1 Station, six 4-stage centrifugal pumps driven by 700 h.p. | 150 
in motors. 
Progress. 

Fitchburg ......... 41 029 a CPN eo oi sco, 5 See Ree Ee eae 50 
Fort Worth ....... 106 482 1910 1 Steam Station, emergency connection to Distribution | 50 

System. 
Jacksonville ....... 91 558 1911 1 Station, motor-driven centrifugal pumps ................ 5 Of 
Lawrence ......... 94 270 1906 Gravityt ......... > bie a a Sigte Ric OPORTO COGES TR: <<. S Cop wt. es 3 O 
Newark 2. 2.0.56 414 524 1905 CROUIROT 6 ke os Ra ee oe aa ee ee 3 5 
New York ........ 2 284 103 1908 2 — each equipped with 6 Allis-Chalmers 5-stage, | 36 06 
Manhattan ........ al pumps, direct connected to.Allis-Chalmers 800-h.p., | 60 OC 

6 6 e00-e it, 3-phase, 25-cycle, induction motors, 740 to 750 

r.p.m. 
MME 5. es 29 571 1913 2 Stations, motor-driven centrifugal and steam pumps ....... 5 5 
Oakland 06 28.2: 216 261 1910 Oil engines geared to centrifugal pumps .................. 2 0 
Philadelphia ....... 1 823 779 1903 No. 1 Station, 7 Deane, lag triplex, Sgt ofl erticel 9 10 





1200 gp.m.; each driven | - 
300-h.p. > Westinghouse plate 


1910 350 
No. spin. gach ven 10 Deane, 


oe, 1 eae ouch 1 pane conto pre 
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Maximum Lin. Feet | Sizes of MC INNES ON 
Pressure : No. of of Suction Cost of No. of Cost per 
Gite, | Pounds | Mains ae Tie! | uydrent, |. Hydrante Supplies. a Acre. ee ites 
Sets 10 000 To Cover Board Walk District. 
mple, | 13000 250 | 46700} 10-24 welded 226 | Flush with | One from| $534 050* 230 $2 300* 
: - : » open, Ross_port- | distribution 
-con- hearth steel able service age 
oilers, with i head. from 
universal salt water. 
joint. 
. cen- | 12000 300 | 62029 | | 12-20 | Cast iron 313 Post Two from| 1370000 480 2 854 
) h.p. | 18000 200 double lead Compression | distribution 
steam ve in Independent | system, one approximate 
li and Gates. from salt 
_ cen- 0 water, in 
) h.p. special joint each station. 
1050 y. 
ifugal | 24000 300 12-20 | Cast iro Post Two from | 1384500 1 420 975 
nduc- | 40000 200 double lead Compression | distribution 
in Independent | system. 
ll and Gates. 
spigot. 
p.m., | 9000 300 12-20 | Cast iron Post 
p.m., with “ Uni- Compression 
i versal ”’ ma- Inde t 
chined bol ates. 
joints. 
10 000 150 8-20 
12 000 270 37 665 8-20 170 000* 338 500* 
ines. 3 600 150 8-16 90 000 147 612 
h.p. | 15000 300 | 62099| 820] Cast iron| 270 Post 
bell and Compression 
spigot. Inde ree a 
5 000 180 28 250 8-16 50 000 346 144 
tion | 5000 | 100 to 42 200 8-16 106 245 
200 
5 000 | 175 to 22 688 8-20 58 000 180 537 
192 
Pi ise 3 000 134 10200 | 10-12 120 
3 500 160 15000 | 20-30 52 135 000 303 
, | 36.000 300 | 289500 | 12-24 | Cast iron | 1200 Post Two from 3 280 000* 1 430 2 300* 
"4 60 000 200 double lead Compression | distribution 3 950 400 ue 2 763 
750 in Inde ent ; 
gig nd ates. e from 
spigot. salt water. 
phe 5 500 175 7 450 8-16 29 136 
... | 2000 200 | 12000} 10-14 146 000 
From Dela- | 3030000*) 512 1 150* 
ware River, , 
From reser- 
voir of 
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PMQOK 5.22.50 eis 993 678 | Installation | 1 Station, six 4-stage centrifugal pumps driven by 700 h.p. 
in motors. 
Progress. 
Fitchburg ......... 41 029 CRW oo es ake. Ce ee ee ee 5 000 j 
Fort Worth ....... 106 482 1910 1 Steam Station, emergency connection to Distribution | 5000 | 100 
System. 2 
Jacksonville ....... 91 558 1911 1 Station, motor-driven centrifugal pumps ................ 5 000 se 
Lawrence ......... 94 270 1906 COUT... vison on bs ugh eo RR AERARE + A 15 coe a awe 3 000 1 
Newatk>. |. oo. c.o 414 524 1905 nS Rees Soe a Re 3 500 1 
New York ........ 2 284 103 1908 2 Stations, each uipped with 6 Allis-Chalmers 5-stage, | 36 000 3 
Manhattan ........ centrifugal pumps direct connected to Allis-Chalmers 800-h.p., | 60000 2 
6 600-volt, hae, 25-cycle, induction motors, 740 to 750 
r.p.m. 
OS EE eee 29 571 1913 2 Stations, motor-driven centrifugal and steam pumps ....... 5 500 
Oakland .......... 216 261 1910 Oil engines geared to centrifugal pumps .................. 2 000 2 
Philadelphia ....... 1 823 779 1903 No. 1 Station, 7 Deane, vertical, triplex, double-acting pum 9 100 3 
* 1 200 g.p.m.; each driven by. by Scylinder, 4-cycle, area 
300-h.p., Westingho' ered aang ; 2 pumps of same type, 
1910 350 g.p.m., each driven 125-h.p. 
No. 2 Station, 10 Danae, vertical ts , double-acting, 12 350 3 
pumps, 1 200 g.p.m. each; Jpae sane type 360 pm. 
all driven by ee 350-h.p. and one oh P. 
engines, same type as No. 1 Station. 
Providence ........ 237 595 1897 Gravity? Gases eas’ oe aes eee Jk eee sep eee 7 000 L 
Rochester ......... 295 750 1874 No. 1 Station, 2 steam pumps, one 2-stage, centrifugal pump | 9000 14 
driven by steam turbine 
No. 2 Station, ecteidiiven, 3-stage, centrifugal pump. 
San Francisco ..... 506 676 1912 Gravity. 10500 . Teservoir with 2 pumping stations | 32 000 3C 
in reserve equipped 4g 8 a 4-stage centrifugal 
pumps, direct connected to Kies op .. horizontal, non- 
condensing steam turbine, 250-h.p. Babcock and Wilcox boilers. 
MOO 605d. 54s ee 243 164 1917 1 Station, four 5-stage, horizontal, centrifugal 8 000 30 
connected to 550-h.p., 3-phase, 25-eycle, vg sa germ motors. 
Toronto 5. sc..63- 515 000 1909 1 States, bs McDugall, 2-stage, cen oOo Agpeon direct | 8 333 30 
connected Westinghouse Parsons 1 ae condensing, 
multiple pa — type, steeam turbines 
Winnipeg ......... 178 304 1907-8 1 Station, six tle, double-acting pumps driven by 4 | 10800 30 
Crossley, 2-cylinder, tandem, gas engines, 540 h.p. each; 
2 Crossley, 2-cylinder, tandem, oes — 250 h.p. each; 
- producer “gay lant rer 1 ow hp £2 Crossley type pro- 
duces, 500-h.p eadh and 2 of each; city gas also 
av le. 
Two motor-driven centrifugal pumps .................+085 4320 15 
Worcester ......... 179 754 MS ravity tT © Baek sce eke po cs ee heey aaa per eke a6 a 5 000 16 























* Exclusive of pumping station and equipment. 
+ System consists ef extension of pipes from High Service into area covered by Low Service. 
























































15 000 300 | 62099 8-20 | Cast iron 270 Post — 
bell and Compression 
Spigot. t 
5 000 180 | 28250] 816 50 000 346 144 
5000 | 100to | 42200] 816 106 245 
200 
5 000 178 to 22688 | 8-20 58 000 180 537 
3 000 134 10200 | 10-12 120 
3 500 160 15 000 | 20-30 52 135 000 303 
36 000 300 | 289500 | 12-24 | Cast iron | 1200 Post Two from 3 280 000* 1 430 2 300* 
60 000 200 double lead Compression | distribution | 3 950 400 oe 2 763 
pore in Inde ent — 
and ates. e from 
spigot. salt. water. 
5 500 175 7 450 8-16 29 136 
2 000 200 12 000 10-14 146 000 
9 100 300 85 008 8-20 Cast iron] _ 289 Gate valve | From Dela- 3 030 000* 512 1 150* 
: with and ware River, 
bolted Post 
joints. Com ion. 
12 350 300 | 163 680 8-20 | Cast iron 600 ‘ost From reser- 
with Uni- Compression voir of 
versal ma- BS n> — 
chined ggg y 
bolted ates. City service. 
Joints. 
7 000 116 29400 | 12-24 Castiron 89 Flush. From City 143 136 358 400 
two lead Reservoir. 
— in 
9 000 140 | 102 960 4-20 | Cast iron 
bell and 
spigot. 
32 000 300 | 508000 | 10-20} Castiron Post Reservoir 5 300 
two lead Compression | and San . 
poores in Francisco 
; Bay. 
8 000 300 | 22625] 10-16} Castiron 66 Post Two intakes 140 
bell and Compression from 
spigot. Ind ent | Maumee 
ates. River. 
8 333 300 40 770 6-20 | Cast iron 146 Post Two intakes 500 000 287 1 742 
: bell and Compression | from Toron- 
spigot. Inde lent | to Bay. 
10 800 300 15 840 8-20 | Cast iron Post Intake from 650 000 275 2 364 
with double Compression | Red River. 
lead grooves Inde lent 
bell. ates. 
4320 150 ae 
5 000 165 | 100320} 8-30 | Cast iron. Post. 1380 
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HIGH PRESSURE FIRE SYSTEMS FROM THE UNDERWRITERS’ 
VIEWPOINT. 


G. W. BOOTH* 


[Read September 15th, 1922, at New Bedford, Mass.]} 


Losses resulting from conflagrations are those most dreaded by the 
insurance companies; they correspond in fire insurance to what a wide- 
spread attack of the plague would be to life insurance. It was following 
the Baltimore conflagration in 1904 that the National Board of Fire Under- 
writers organized the Committee of Twenty, superseded two years later 
by a standing Committee on Fire Prevention, one of the principal func- 
tions of which had been to advise on means whereby conflagrations might _ 
be averted. The Baltimore High Pressure System was installed as a re- 
sult of the experience in combating the 1904 Conflagration in that city. 
and the San Francisco System correspondingly after the 1906 Conflagration, 

Conflagrations spread either by the generation of a heat wave of such 
intensity that everything combustible in its path is involved, or by means 
of flying brands carried by the wind far in advance of the origin of the fire 
and setting fire to combustible roofs or porches. The first type of confla- 
gration is that of which we must think in considering the installation of 
High Pressure Fire Systems, since most of them occur in high value con- 
gested districts and it is only in such districts that the expense of install- 
ing and maintaining a separate fire main system can be warranted. There 
is of course much doubt as to whether such a system or any other fire 
fighting facility will enable a fire department to make a direct stop of a 
conflagration well started; probably not, since the heat wave is so intense 
for some distance in advance of the fire as to prohibit a stand. But it will 
at least facilitate a narrowing and checking of the fire at strategic points, 
and should serve to prevent a threatening fire from assuming conflagra- 
tion proportions, as it has in fact been reported as doing in one or more 
cases in Baltimore. 

An inspection of the list of cities in which separate fire main systems 
have been installed shows that 9 out of the 18 cities which have installed 
such systems with special pumping stations to supply them have a popu- 
lation in excess of 400 000; four of the other 9 are in excess of 200 000 and 
most of the others either present special fire protection problems or were 
able to take advantage of favorable conditions to minimize the cost of in- 
stallation, or of maintenance, or both. In this comparison are not included 





* Chief Engineer, National Board of Fire Underwriters, New York City. 
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those cities which have made extensions of the domestic high service sys- 
tems into congested value sections at lower elevations. Such extensions 
have been made in Worcester, Providence, Newark, N. J., Fitchburg, 
Lawrence, and a few other cities, and furnishing from 3 000 to 8 000 gal. 
per minute at initial pressures ranging from 130 to 180 lb. must be consid- 
ered as highly valuable auxiliaries to other fire-fighting facilities. 

An interesting form of development is that in Atlantic City, where 
the high value hotel district is protected in part by a system of mains and 
hydrants installed by the city, with supply from the fire pumps in each of 
the hotels under protection. A somewhat similar plan was established a 
number of years ago by the proprietors of the locks and canals for the pro- 
tection of the mill district in Lowell, Mass., and certain of the -mills in 
Lawrence have connections from their individual fire pumps to a common 
main running the full length of the plants. While this plan has some dis- 
advantages as compared with a system having supply and distribution 
under single management and control, it appears to be well suited to 
serve adjoining and common interests where the more expensive complete 
installation is not practicable. 

A few years ago, when the question of installing a system in Boston 
was being discussed, the National Board prepared a pamphlet entitled 
“‘ The Desirability of a High Pressure Fire System in the City of Boston.” 
We had perhaps more difficulty in convincing ourselves that such a system 
was desirable in Boston than in most cities of its size, in spite of its narrow 
streets and congestion of buildings; because the city of Boston had already 
an unusually good system for supplying water to fire engines, besides hav- 
ing extensions from the domestic high service for serving automatic sprink- 
ler equipments throughout most of the congested value sections. The 
arguments in that pamphlet may be summarized as follows, and will 
apply with equal or greater force in other large American cities: — 

(1) The immense aggregations of buildings and contents in the business 
district of metropolitan cities, and the possibility of conflagrations involv- 
ing tremendous losses and disastrous effect on business and civic growth, 
dictate the most effective known means of preventing such catastrophies. 

(2) A large number of powerful streams can be concentrated on a fire 
in much shorter time and with fewer men and less apparatus than with 
fire engines. 

(3) The protection of the rest of the city will not be weakened to the 
extent now necessary on third and fourth alarms from the district covered 
by the system. 

(4) It will deliver its full capacity at any point in the district covered 
and at any desired pressure and can sustain this pressure as long as wanted. 

(5) It eliminates the confusion entailed in the operation of a large num- 
ber of fire engines, tends to prevent the misunderstanding of orders, and in 
every way simplifies operation. 




















BOOTH. 497 


(6) It provides protection to the congested value district even with a 
general alarm fire under headway in another part of the city, and forms 
an effective barrier against fires starting outside the district, while also 
affording the most efficient means of checking fires in the district which 
might otherwise involve a number of blocks. 

Concerning the first of these items, I would not have you believe that 
there are no other effective and practicable means of offsetting the confla- 
gration hazard. I recently had the pleasure of a discussion on this subject 
with the chairman of the London City Council Committee on Fire Bri- 
ades, which corresponds to the position of Fire Department Commissioner 
in American cities. He had been in New York about a week and was won- 
ering why it was that, in spite of the vastly greater numerical and apparatus 
fire department strength as compared with London, we had such disastrous 
and destructive fires. When questioned, he stated what undoubtedly 
constitutes the answer to his problem, that in London the building ordin- 
ances prohibit any building more than 80 feet high, require fire walls to 
subdivide floor areas, and compel the protection of all openings in elevator 
shafts and other connections from floor to floor. These requirements, to= 
gether with protection on exposed openings in exterior walls and with auto- 
matic sprinkler equipments in buildings of hazardous occupancy, would 
go very far towards making entirely unnecessary the powerful high pressure 
systems we are considering. However, the present situation and trend of 
development in American cities are such that structural conditions will 
for many years to come require the strongest possible fire protection facil- 
ities to offset them. 

It is not an impossibility, even without a high pressure system, to 
concentrate numbers of powerful streams on a threatening fire in a large 
area building, as has been proved again and again in the city of Boston, 
where the water supply is ample and readily available and the fire depart- 
ment trained and accustomed to do that very thing. However, it is not 
a very common practice nor one readily accomplished without good train- 
ing, as has been demonstrated in a number of cases recently, at fires which 
would have been much less destructive had these powerful streams been 
used. It is not so difficult to accomplish for the modern department 
equipped with automobile pumping engines as it was in the days of steam 
fire engines, which are much more awkward to handle and less able to main- 
tain the pressure and discharge at which they are rated. However, even the 
automobile fire engine is at a disadvantage, since the largest of those in 
common use has a rated capacity of 1 000 gal. per minute at 120 Ib. net 
pressure, and we may reasonably expect from each of the closer hydrants 
of a high pressure system an average of 2 000 gal. per minute at any pressure - 
up to 250 lb. Also, such a system is much more flexible in operation as: 
respects relocation of hose lines and regulation of pressures on individual 
lines than one which involves the use of fire engines. 
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Since July, 1908, when the high pressure fire system was put in service 
in Manhattan, the most extensive use made of it was in January, 1909, 
when it was brought into service for five simultaneous fires, three of them 
of more than usual severity, and one particularly so. At the extreme, 
seven pumps were being operated, delivering 33 500 gal. per minute against 
an average pressure of 225 lb. at the pumps and 205 lb. at the hydrants. 
Forty engine companies were called, including more than 600 men, and all 
the water thrown on the fire was from the high pressure system. 

The system was also used on the occasion of the Equitable Building 
fire, and at a difficult fire in a general storage warehouse fire on Jane Street 
in July, 1922; because of a disastrous explosion in the early stages of this 
fire, it was not considered safe for firemen to remain in the building, and 
the fire was therefore drowned by streams from the outside; at one time 
sixty large streams, using a total of over 30000 gal. per minute were in 
service, at a pressure of about 200 Ib. at the hydrant, and a total of 87 000- 
000 gal. of water is reported to have been used. Each of these streams 
would require, if fire engines were used, the services of one fire company, 
whereas each company can lay and handle at least two or three lines from 
a high pressure hydrant to turret nozzles or water towers. It follows, 
therefore, that fewer companies will be required for fires calling for large 
quantities of water, and a much smaller part of the city will be stripped 
of its normal protection. 

Conversely, in the event of a general alarm fire in another part of the 
city sufficient companies to man a reasonable number of streams will al- 
ways be left in service for the protection of the district which is covered by 
the high pressure system; and should a fire originate outside the district 
and threaten the district itself, the concentration of streams which can be 
effected would constitute a means whereby such an exposure fire could be 
checked or narrowed with better success than in any other way, except 
perhaps by the interposition of sprinklered buildings, well provided with 
window protection; these latter are not frequent enough at present on the 
outer boundaries of most of our congested value districts to constitute 
a very reliable line of defence. 

It is uncanny to witness the fighting of a large fire when only streams 
from a high pressure fire system are used. Instead of the noise and the 
apparent confusion when either steam fire engines or automobile pumping 
engines are used there is only the swishing noise of the streams as they 
emerge from the nozzles or strike the walls of the building. This, of course 
very much facilitates the issuing of orders by chief officers and simplifies 
operation in every way. 

I shall not attempt to discuss definitely the question of reduction in 
fire insurance rates which has accompanied the completion of separate 
fire main systems in different cities. The National Board of Fire Under- 
writers has no jurisdiction and exercises no control in matters of this 
nature, and it is difficult to make a statement as to the amount of credit 
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which is in some cases a percentage of the base rate and in others a flat 
reduction; in any case, the matter is one to be decided upon by the insur- 
ance organization having local jurisdiction. In most cases, no credit is 
allowed in rates on buildings equipped with automatic sprinklers, in some 
cases none is allowed on stocks but only on buildings, and in others the 
principal credit relates to the item covering exposure hazard from other 
buildings. 


Joint Discussion. 


Mr. Bootn. There is one point I overlooked at the time of writing my 
paper which is that a good many of the insurance companies, having doubt 
as to the adequacy of existing fire protection, will write greater lines on 
buildings after the completion of a high pressure system than they were 
willing to before. I think that was the case in the city of Boston. Some 
of the larger companies, which had limited their lines quite materially, 
felt that the city was enough safer after the system was installed to warrant 
their writing considerably larger lines. 2 

I have not gone into detail on a great many things that occurred to me, 
thinking very likely there would be questions that would come up which 
would bring out those points. One that does occur to me right now as to 
operation is that in some cities, as you have noted from Mr. McInnes’ 
paper, the system is used on all fires that occur within the area protected. 
In other cities it is used only on second or greater alarm fires. It is my 
opinion that the oftener it is used the more familiar the firemen become with 
its use, and the more likely they are to operate it effectively when the real 
severe test comes. For that reason we have always felt that it should be 
used on all alarms. 

Mr. J. M. Diven.* What pressure is ordinarily maintained between 
alarms? 

Mr. McInnes. About fifty-five pounds. 

Mr. Diven. That would rather discourage a man who wanted to 
get it for some other use. 

Mr. McInnes. Mr. Booth spoke of the uncanniness of operation 
of the high pressure system. That feature was strikingly exemplified to 
me at a fire in the sixth or seventh story of a building on lower Broadway 
about two years ago. The firemen ran several lines inside the building 
quietly, quickly and methodically; they also connected on the outside to 
fire pipes in the building. The smoke and flame which had been pouring 
out of the windows suddenly stopped. A visit to the pumping station 
showed that the delivery of water at first was 1 200 gal. per min. When 
the stage was properly set it jumped up to 7 000 gal. per min. and the 
fire gave out. The only excitement was afforded by a couple of thrilling 


rescues. 
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Mr. CarueTon E. Davis.* What is the limit beyond the fire hydrant 
that you can use this high pressure system? 

Mr. McInnes. We figure 400 ft. under ordinary conditions. Un- 
doubtedly effective work can be done 1 000 ft. away, using two or more 
lines siamezed. 

Mr. Boorn. There have been occasions where lines have reached 
1 000 ft. in New York. In the Equitable Building fire, the pipe system 
was not extended to that point at the time of the fire, but it was close enough 
to enable effective use to be made of it. Of course you have to draw the 
line somewhere, and we have considered 400 ft. as a fair distance from the 
nearest hydrant, within which you would get reasonable normal protection. 

Mr. Witu1aM W. Brusu.* As I recall, when we were working on the 
installation of the New York system, we estimated on 600 ft. as the extreme 
distance from a hydrant that we would consider the high pressure. system 
to fumnish effective protection. I want to ask Mr. McInnes whether he 
has any connection at all between his high pressure pipe system and his 
domestic lines, except from the pumping stations. 

Mr. McInNEs. None whatever, Mr. Brush, with the exception of 
the small by-pass through the station, to keep pressure on the high pressure 
fire system, with check valves, which we use to keep air out of the system, 
to be sure there is no air in the hydrants, and also use to measure the 
leakage. That is the only connection of any kind anywhere in the system. 

Mr. Brush. There is no other connection to any private system 
which could be put in use by the Fire Department, except by stretching 
hose? 

Mr. McInnes. None whatever. 

Mr. Brusx. In Brooklyn, we have two connections, between the 
high pressure and low pressure systems, so that the high pressure system 
can be used as an auxiliary service in case of a break down of one of the 
domestic pumping stations. ‘Those connections have two valves on each 
connection and between the valves we have a drain pipe to take care of 
any seepage which may occur between the two systems. 

If we ever have to put salt water in the system, and we doubt if we 
ever do, the possibility of any salt water getting in the domestic services 
through these connections is obviated by the drains at these connections. 
We have recently arranged to put in a connection that will be available 
for the Navy Yard in Brooklyn. That connection terminates in an open 
pipe, and the Navy Yard has to provide a large size special hose that -can 
be used to connect the two systems. The naval authorities are required 
to notify both the Fire Department and the Water Department before they 
place the connecting hose. That is something that is very special, and we 
believe that connection is amply safeguarded in as much as there is no 
direct. connection between the two systems, but this special hose connec- 
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tion can be connected up so that the Navy Yard in Brooklyn can have the 
high pressure water in case their own high pressure system fails. 

Down at Coney Island, where there is the first high pressure system 
installed in New York, we had a number of connections to the amusement 
parks. These connections were put in at the request of the Fire Depart- 
ment, the proprietors of the amusement parks having urged the placing 
of such connections. After the Dreamland fire, if I recall correctly, the 
Fire Department then requested that these connections be closed and 
sealed because the Fire Department experienced trouble with the unauthor- 
ized use of some of the hydrants. 

In Manhattan there have been cases where through error, intentional 
or otherwise, there have been small connections made from the high service 
into buildings, and the evidence tends to show the possibility of there being 
one or more such connections still existing on the system, but we have been 
unable to locate them. They, of course, do not represent any connection 
which would affect the delivery of the system. 

We had rather an interesting experience with a couple of hydrants 
about which there is some difference of opinion as to the cause of the trouble. 
In April of 1918 the fire chief reported that at a fire the flow from one 
hydrant suddenly ceased. An examination was made of the hydrant 
immediately after the fire and there was nothing found to be the trouble 
with it. The hydrant was taken apart the following day and everything 
was apparently all right. At that time the only cause for the obstruction 
of flow through the hydrant that appealed to me was the possibility that 
ice had formed at a high point in the system, become dislodged, floated 
into the branch and cut off the flow. This spring we had a similar case 
as far as the cutting off of the flow was concerned. The pressure 
suddenly dropped from about one hundred fifty pounds to fifty pounds 
on one hydrant. We had been getting ample flow from the hydrant and 
several lines had been taken off this hydrant. The hydrant was 
examined within a few hours and then taken apart the following 
morning. Here again the hydrant was in perfect order when it was 
taken apart. The only explanation that I could personally give was that 
ice had floated in and temporarily closed the branch or hydrant valve 
opening.. Those are the only two instances of that character, and the only 
instances that I can recail where there was any stoppage of flow through 
any one of the several thousand hydrants that we have on the system. 
Chief Kenyon did not agree with me on the ice theory in the first instance. 
In the second instance I do not recall that he made any comment. 

PRESIDENT BaRBour. What depth are the pipes laid? Are they 
all the same? 

Mr. Brush. Four and one half feet. There are some places where 
they come up within two feet of the surface. I think 18 in. is the minimum 
depth we have from the surface to the main. Now, we have had one in- 
stance where the high pressure main was frozen solid, which was during 
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the severe winter of 1918. The pipe was cracked and had to be replaced. 
We have not had any instance where the general flow from the mains has 
been affected, as far as could be observed, by ice formation. 

Mr. Driven. Other hydrants in the neighborhood were working? 

Mr. Brusn. Yes, there were several hydrants working on these two 
fires, and they worked perfectly, so that. there was no trouble in the flow 
of water through the system. At the Jane Street fire one of the two pump- 
ing stations, during the height of the fire, experienced a break in a 10-in. 
check valve. The check valve suddenly seated and blew the casing top 
off, and the result was that the station was very thoroughly sprayed with 
water. The load was quickly transferred over onto the other station, and 
the Fire Department never knew anything about it. The station itself 
could probably have been kept operating on the fire if it had been essential 
to do it. Within an hour it was back again on the regular service. But 
this shows how a rather serious accident can occur in the pumping station 
and still keep the pressure up. There has never been a case where the 
stations have failed to function. 

The Coney Island station, using gas engines, has not been as satis- 
factory as the electrically operated stations. We have had trouble there 
with engines and with pumps from time to time on large fires. I think 
that plant is in better shape to-day than it ever has been before. There 
have been changes made to make the pumps and the engines more reliable. 
But there we have had a lessening of the delivery of the station, so that the 
pressure has been low when the Fire Department desired service on one 
or two of the largest fires. 

In the main system of Brooklyn, where we have two stations, we 
connected the Catskill system to the mains and put about one hundred 
pounds on the system two or three years ago, and since then have had less 
than a dozen runs a year with the two stations combined, so that in Brook- 
lyn, where the Fire Department normally ask for 75 Ib. at the start of the 
fire, the 100 Ib. pressure takes care of all except about a dozen fires. The 
protected area runs several miles along the water front and a mile deep in 
the main district of the borough. 

_ Also in Brooklyn the system was laid out so as to check the confla- 
gration in the high pressure district rather than to eliminate the use of the 
steam or other power driven fire engines, and recently the Fire Depart- 
ment have asked us to extend the system so that they can do away with 
calling the fire engines in case of fire within the high pressure district. It 
would mean installing mains in intermediate streets that are perhaps 
six hundred or seven hundred feet apart. 

We have one distinct difference in our system from the Boston system, 
and that is that we operate the plants, and in Boston the Fire Department 
operates the pumping plant. Also we get our messages entirely over the 
telephone; and, as I understood Mr. McInnes, they use the telegraph 
system and confirm over the telephone. We felt when the system was in- 
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stalled that the Water Department was more likely to have men suitably 
trained to look after the operation of the pumping station than the Fire 
Department, and while the Fire Department thought otherwise, there was 
not any very serious objection made to our department maintaining and 
operating, as well as constructing the high pressure stations, and I think 
to-day that the Fire Department in New York is perfectly satisfied with 
the system now followed. There never has been any friction, and the sta- 
tions have always been able to give the water required, other than at Coney 
Island where the demand exceeded the station capacity. 

Mr. McInnes. Mr. Brush, in the case of the hydrants that failed, 
did the flow entirely cease, or only diminish to such an extent as to be 
noticeable? 

Mr. Brusu. In the case of last spring, which I have clearly in mind, 
it dropped from 150 Ib. to 50 Ib. at the hydrant. In the case of 1918, while 
there was not a complete stoppage, there was a greater stoppage than occur- 
red this spring. In both instances it was before April 10 that this diffi- 
culty occurred. - 

Mr. McInnges. Mr. Brush correctly stated that in Boston the Fire 
Department operates the stations, while the Public Works Department 
maintains the system. In Mr. Brush’s case he has an excellent mechanical 
engineer equipment. We have nothing of the kind, and we are afraid of 
the combination. We are afraid of one fellow blaming the other, and 
we considered it would be safer and better to have everything in the hands 
of the Fire Department. 

Now, in regard to the fire.alarm. The Superintendent of the Fire 
Alarm fought hard and long, and succeeded in having it stipulated that all 
alarms should go first to headquarters and then to the station. His reason 
was, as I understand it, that particularly in the case of multiple fires there 
would be much greater danger of confusion and misunderstanding if orders 
were given by different men directly to the stations than if all orders came 
to headquarters, where a trained man would get them and would sift them 
out, sending only those that should be sent to the pumping station. 

Mr. BrusH. There have been one or two instances where the Fire 
Department men have failed to coérdinate among themselves: in telling 
the stations what todo. Whether they will change sometime and have the 
orders sent to headquarters and then transmitted or not, I do not know. 
Where we are operating on two or more fires we have cut down the pressure 
when ordered to do so when the fire chief at the second fire might prefer to 
have it kept up. There have been two or three instances, where the Fire 
Department operating on one fire sent a certain order, and from another 
fire a different order has been sent. In New York the men telephone 
directly from the box to the pumping station as to what is to be done. 

Mr. McInnes. That was the outstanding reason in our case why 
it was thought that everything should go to the trained man who could 
best say what should go to the stations. Another reason, which I neglected 
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to mention, was that we in Boston have a dislike of telephoning, on the 
possibility of easily misunderstanding a number of different words, letters 
and sounds over the telephone, so that we were opposed to the use of the 
telephone for that purpose and very much preferred the telegraph with 
the telephone only for verification. 

Mr. Brusx. I do not recall any instance where there has been any 
misunderstanding from the telephoning of orders. Confusion has only 
resulted due to orders being given by two separate fire chiefs operating 
on two separate fires at the same time. 

Mr. Harry A. Burnua.* The National Fire Protection Association 
has a committee on private fire services from public mains and among the 
topics which they are about to consider, is the fullest use of these high 
pressure fire services. As fire-fighting equipment they are comparatively 
new in the history of fire fighting, and I think at this time we should approach 
the subject with considerable caution. 

It seems to me this might be a good time to find out what the real 
reasons are for not providing connections to automatic sprinklers from 
these. I think that in some cases it perhaps can’t bedone. But in others— 
anticipating Mr. McInnes’ reply —it seems to us a matter of control 
pure and simple, and if a proper and safe method of control could be worked 
out it seems as if one of the difficulties might be in a fair way to be solved 
in allowing sprinkler connections to be taken from these systems. It is 
a new subject, and I would like to know if that is the only objection to 
providing sprinkler connections from high pressure systems. 

Mr. Davis. In Philadelphia, where we have a comparatively low 
normal pressure, the underwriters, the sprinkler people and a number of 
builders urged very strongly that connections be made to the high pressure 
for sprinkler purposes. The Water Bureau opposed it strongly and will 
object until we see some reason that has not been presented at the present 
time. 

In the first place, we do not know of any check valve that will be per- 
fectly safe against interior pressure when there is a pressure possibly up to 
2501b. or 300 Ib. Such a check valve as would prevent bursting of the sprink- 
ler heads of the piping we do not know about, and do not want to be respons- 
ible for damage by water, neither do we want to have the high pressure 
diminished in case of a fire, at a very critical time, possibly, from that use. 
Furthermore, we do not believe that it is safe to put the high pressure fire 
system under the individual control of private buildings. We know that 
there is a very strong tendency, not only on the part of responsible people, 
but on the part of irresponsible employees, to make surreptitious connection 
inside. We do not know yet of any way to control that. 

The high pressure fire system, as Mr. McInnes has said, should be the 
gatling gun, the last resort against a very serious conflagration. It is meant 
for that. The fire fighters have the right to expect that their high pressure 
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system will be absolutely dependable. They are risking their lives, and 
if they have the high pressure fire system and are working it, they should 
be absolutely assured that it is perfectly safe. When you introduce pressure 
inside of the buildings you are going to have places, as Mr. Mc Innes said, 
where you will lose water. If any city goes to the expense of putting in 
a high pressure fire system it should be for high pressure service, external 
alone, and that only, from the Water Bureau or the fire-fighting point 
of view. 

But I believe that there may be a tendency to over extend the high 
pressure fire service. If we were firemen we would want the high pressure 
fire service extended to the utmost. We would want to feel that we had 
this great flood of water which could drown out any fire, if it was necessary. 
But, on the other hand, if that tendency is met and the high pressure system 
is extended unduly, there may be, in certain cases, a tendency to diminish 
and not put so much stress on the extension of the ordinary water system, 
possibly not so much stress laid on increasing the ordinary water pressures, 
and that may tend to minimize the sprinkler service that would be obtained 
from the ordinary water pressure. At the present time we should give due 
weight to the fact that these large automobile pumping engines that Mr. 
Booth mentioned as available, are much more flexible, much more easy 
to control than the old time fire engine, and instead of extending the 
high pressure service unduly beyond certain definitely defined lines the 
money could be more profitably expended, in many cases, in larger mains, 
larger hydrants, and a larger number of modern, powerful fire engines. 

In regard to the sprinkler people in Philadelphia. Mr. Diven suggested 
that we do not maintain high pressure all the time, but we do maintain 
ordinary city pressure, so that the mains are charged. But the thought 
was to put in one or two smaller units, to keep up the pressure at the station 
at a relatively small cost, and then in case of fire to put on the larger pumps. 

There is another factor in Philadelphia, which does not hold in many 
cases, and that is that one-half of the system is charged with raw water 
from the Delaware River, and the other half is filtered water. Of course 
there is considerable objection to putting raw water in the buildings where 
connections might be made. 

I might mention one other thing, and that is about the relations be- 
tween the Water Bureau and the Fire Department. In Philadelphia the 
Water Bureau operates and maintains the high pressure fire system, includ- 
ing the operation of the fire hydrants at the time of the fire. At each high 
pressure station there is stationed one fireman on duty all the time, these 
being generally men who are crippled or hurt at the fires, and who are 
stationed there until such time as they recuperate, or perhaps permanently, 
depending on the nature of the injury. In fact, he is the liaison officer 
between the Fire Department and the Water Department. 

Every fire alarm is recorded at the pressure station, and if it comes 
within the zone the pressure is raised to the minimum limit, I believe 75 lb. 
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or 100 Ib. Then the Water Bureau sends a crew of men, uniformed but 
under the control of the Water Bureau, to the fire, and they operate the 
fire hydrants, and the firemen take the water from those hydrants just 
as they do from the ordinary fire plugs. There are telephone fire boxes 
scattered through the high pressure system, and orders through these 
district boxes are transmitted to the firemen at the high pressure station 
by the man who has charge of the fire, and the pressure is raised or lowered 
according as requests come in from the Fire Department. 

Mr. Burnuam. In reference to high pressure on the sprinkler system, 
it may be of interest to know that there are now several manufacturing 
plants where the sprinkler equipments have been under pressure of 175 lb. 
to 200 Ib. for ten years or more. Of course that is an unusual condition. 
And no unfavorable experience has been met with those systems. As 
a matter of fact, the matter of mechanical strength can be taken care of if 
found necessary and advisable. 

To raise the question again about the hydrant failures Mr. Brush 
mentioned, whether it was the practice in laying those high pressure pipes 
in Brooklyn to lay them as deep as the domestic service pipes? It occurred 
to me perhaps there being no circulation in those pipes, that they would 
be more apt to freeze. : 

Mr. Brusu. It was the intention to put these pipes deep enough so 
as to avoid trouble of that kind, but where we had sub-surface conditions 
which could not be overcome in any other way than by raising the high 
service mains, the high service mains have been raised, and there has 
been provision made for opening a number of connections so as to. create a 
circulation in those locations where it seemed likely from the local condi- 
tions that there might be freezing. But we have had no instance where 
the pipe froze solidly and broke except at Brooklyn at one station. We 
have had the two hydrants where the flow was suddenly cut off by an 
unknown cause. That, however, represents a record of about seventeen 
years. 

Mr. Booru. I rather expected that this matter of automatic sprinkler 
connections would come up. We in the beginning approached the subject 
from the standpoint of the water works superintendent, because we are 
interested in municipal fire protection as a whole rather than in the pro- 
tection of individual buildings. It is true that these systems were installed 
in practically all cases with the idea of giving the Fire Department the 
strongest weapon possible for use on outside fires. It is true also that in 
very few cases is the normal pressure carried sufficient to supply automatic 
sprinklers. San Francisco, if I remember rightly, is the only city that 
carried sufficient pressure. But I do think it is possible to so safeguard the 
connections as to make the automatic sprinkler practical and possible. 
I expect there will be come-backs on that. 

I think Mr. McInnes, for instance, went too far in stating that the 
broken off connections at Salem, Chelsea and other places, were such a 
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serious handicap to the Fire Department. I think you should differentiate 
very strongly between the connection to an automatic sprinkler system and 
the connection for other purposes — for elevators, flushometer closets, 
and so on. The building with the sprinkler in it is so much safer, in the 
first place, than the ordinary building would be, that you are not running 
anything like the risk in putting your pipes in that building that you would 
if the pipe was for ordinary domestic or manufacturing purposes. 

We have tried to find a record of as many cases as possible where con- 
nections to automatic sprinkler systems have been broken off and reduced 
the pressure unduly. There are very few of them. I wish you men would 
help all you can to get together cases of that kind. A great many references 
have been pretty indefinite. ‘A broken 6-in. connection in such-and-such 
a place in 1908 seriously reduced the water pressure.” It is not very satis- 
factory when you get no more definite information than that. The Salem 
case, I will admit, was a marked one, where the automatic sprinkler supply 
failed to check the fire, the connections were broken off, and the system 
was bled very extensively. As a matter of fact, I do not know of any other 
such definite case where that happened, although there may have been 
other cases. In every conflagration that I know of there have been many 
broken connections of all sizes. Mr. McInnes, for instance, read the num- 
ber and sizes of connections broken off in Baltimore during that confla- 
gration. Although a great many of them were small they reduced the 
pressure very materially. In fact, that happens in any conflagration; 
your pressure will be reduced below the point at which you can use the 
Fire Department equipment with the normal degree of effectiveness. But 
even in cases like that of the Salem fire, there is in almost every case enough 
pressure left at the hydrant to give to the fire engine a fair amount of water 
— not as much as they could have used, but enough for one good stream 
from each engine. I think it is a subject that ought to be looked into fur- 
ther, particularly as to the differentiation between broken off connections 
to automatic sprinkler system and those for other purposes. 

Mr. Davis suggested the point that if the way were opened to supply 
automatic sprinklers from these high pressure mains, they might become 
so numerous that it would be a very serious menace to the system. There 
is another angle to that, which is that I do not believe there is anything 
which would more greatly safeguard your city than a pretty general auto- 
matic sprinkler installation. Mr. Davis says it will very materially injure 
the system, but you have to look at it from the other point of view also, 
and if you get in enough sprinkler systems you will have a district without 
any great conflagration hazard. 

Mr. Driven. Isn’t it best to have a system independent of all these 
other conditions? Is there anything to fight the fire with when the other 
system gives out? Is it a distinct advantage to have an independent 
system? 
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Mr. Boots. I have not been able to satisfy myself that it is so much 
of an advantage as most of you think it is. 

Mr. Davis. Where do the sprinklers do the most good; in the base- 
ments or in the higher stories? I understand the great majority of fires 
start in the basements. In most every system there is pressure enough to 
give a fairly satisfactory sprinkler service in the basement. Wouldn’t 
that be a good starting point for the sprinklers? 

Mr. Boorn. That is entirely true. Of course any system will 
furnish a supply to a basement sprinkler. If you go that far you have 
gone a long way towards eliminating the fire hazard in the down town 
sections. The basement fires are most difficult to fight. 

Mr. McInnes. I have to stand beside Mr. Davis with both feet. 
As an objector to connections from H.P.F. mains. But I want to be con- 
structive as well. I can’t clearly see how the ordinary high pressure fire 
system, in which there is effective pressure only at time of fire, can be effec- 
tive with these little fires that start when the sprinkler must begin its work. 
Why cannot the same thing be obtained in a more effective way by provid- 
ing means for such connection and making it the invariable and impera- 
tive practice of the Fire Department to make one of their first connections 
from the high pressure fire hydrant to the outside pipe, with check valve, 
supplying the sprinkler system? That has always seemed to me to be the 
sane way to get at it. 

Mr. Bootu. There is a whole lot in that, but not all Fire Depart- 
ments are as progressive as the one Mr. McInnes knows about. It is only 
within a few years that a few of the larger and more progressive Fire Depart- 
ments have been willing to make it absolutely standard practice to connect 
the first line, or the second line from the first company, to your outside 
sprinkler connection. They are coming to do it more and more frequently. 
And if they would do it consistently and in all cases, you would get the second 
connection made in time to serve as an adequate secondary supply. That 
is one solution of the problem which has been suggested, and it is good 
as far as it goes. 

Mr. Bruss. If I understood correctly, Mr. Booth suggested that 
the water works men get together on this matter of the connection with 
the high pressure system, with a view of working out some method whereby 
there might be additional connections allowed for sprinkler service. My 
suggestion would be that he keep the water works men as far apart as 
possible if he hopes to get that accomplished. Get them one by one and 
then sand-bag them. (Laughter.) 

I know in New York an effort was made to have favorable considera- 
tion given to the question of making these connections. That was fought 
by the Water Department, and certainly until the Fire Department comes 
to the forefront on the proposition and says that it wishes to have these 
connections made, I am sure that no water works superintendent or 
engineer would take the responsibility of advocating connections which 
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are for the purpose of benefitting primarily the individual who owns the 
large building, or the building that requires the sprinkler system, whereas 
the high pressure system has been put in for the benefit of the community 
which includes a great many reople who are not directly, and perhaps not 
indirectly interested in the fire protection of the one building. Of course 
we all appreciate that that one building may be the beginning of a fire 
which will cause a loss to the community, and if properly equipped with 
sprinklers that fire might never get headway in that building. But the 
individual can protect that building satisfactorily, and the community can, 
and usually does, furnish an adequate water supply outside of that building, 
which ean be raised to sufficient pressure by the action of the owner of the 
building without endangering the continuity of the supply for the Fire 
Department from the high pressure system, which is distinctly a defensive 
system. 

Mr. Burnuam. I will add a statement about Salem. I think it was 
definitely established that there was a very large flow of water that drew 
the pressure down, but I do not think it was quite as definitely established 
that it was caused by the breaking off of the sprinkler connections. We 
looked into the matter quite at length and found that the locations of the 
sprinklered and non-sprinklered buildings at the start of the fire were such — 
that the heat from the burning building which was not sprinklered, could 
open sprinklers in several stories in the sprinklered building. And we came 
to the conclusion that enough sprinklers could have opened in that way 
to have caused the drop of pressure attributed to the broken main. 

Mr. McInnes. The main did not break. The buildings were 
burned, and there were pipes broken within the buildings. It was broken 
inside equipment which caused the trouble. 

PRESIDENT Barsour. When I wrote Mr. Booth to ask him to con- 
tribute a paper, I suggested that it would be well to include in his paper 
a statement of the result of reductions in rates, which have followed the 
installation of these high pressure service systems. He has side-stepped 
this phase of the situation entirely and apparently the thought that rate 
reductions might reasonably follow the provision of what is proclaimed by 
the insurance men and the fire chiefs to be the greatest fire-fighting in- 
strument yet devised has not forcibly registered on his mental screen. 
The divoreing of the engineering division of insurance companies from the 
income department is certainly a most convenient arrangement. 

I may be a foolish optimist, but it seems to me that it should be possible 
to get on our record a statement of the economic return — if any — in 
reduction rates, which has accrued or may be reasonably expected to accrue 
to those cities which undertake large expenditures for high pressure fire 
service. So far as now appears there has been no such reduction in rates. 

High pressure fire systems have as yet only been installed in large 
cities. I take it that a certain minimum total area of a certain value will 
justify high pressure service and I am wondering whether or not such areas 
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are found in some of our smaller cities. I have had the thought that the 
installation of high pressure service in such cities might naturally affect 
the design of the general distribution system, and that in some cases the 
reduction in the cost of this latter system might in part offset the cost of 
the high pressure service. I therefore hope that Mr. Booth will give us 
some idea of the value per acre in the districts of the various cities where 
high pressure systems have been deemed necessary. 

Mr. Booru. That reminds me of one point I had in mind to discuss, 
which was the question of the type of city or district in which such a system 
might be warranted. Of course there is‘on the one hand a reduction of 
rates and a saving to the property owners. On the other hand, there is 
the possibility of saving to your city in the maintenance of its Fire Depart- 
ment. Your high pressure system can operate with fewer men, and per- 
haps with fewer companies. But your district must be of sufficient extent 
so that the companies located within that district won’t have to cover 
any very considerable area outside of the district, otherwise you have 
to have the same number of men and the same equipment in pumping 
engines as you would without the high pressure. 

Perhaps you will understand better what I mean if I say that in a 
district the size of this one in New Bedford, for instance, the down town 
companies on the first alarm, or at least on the second alarm, run from the 
mercantile or manufacturing section up into your residential district. 
Is that right, Captain? in 

Captain GirrorD.* Yes. 

Mr. Boot. Every down town company has a run outside of the 
district here? 

CapTaiNn GirrorD. In this town, yes. 

Mr. Boots. So that your city must have a district of sufficient size 
to warrant the maintenance of companies in that district which have no 
or practically no runs outside. Otherwise, you have to have the same 
men and equipment as you would without a high pressure system. 

I remember a few years ago the city of Hartford made quite an 
investigation to determine whether it was practicable to put in a high 
pressure system. They concluded that there would be little saving in Fire 
Department maintenance, on account of the fact: that the district was 
comparatively small in Hartford. It would take about the same men and 
equipment. 

Mr. Davis. Does the National Board recommend the lowering. of 
rates? 

Mr. Bootu. We have nothing to do with that. We are supposed 
to keep our hands off. We do come in indirectly in this way: The National 
Board has a standard grading schedule which I think most of you know 
something about. It has been discussed in the meeting of your Associa- 
tion. In that schedule there is a provision for a removal of the points of 


* Of the New Bedford Fire Department. 
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deficiency charged against bad construction conditions following the 
installation of the high pressure system. In Philadelphia, if I remember 
rightly, about half the points charged against bad structural conditions 
are removed because you have this powerful system. It is certain in that 
way to better the classification of your city. 

Mr. Davis. Do you, after investigation, ever furnish the water 
works officials with the rating of their cities? 

Mr. Boorn. Yes, sir. On request. 

Mr. Davis. Will you furnish it? 

Mr. Boorn. I will be glad to. 

Mr. Davin A. HEFFERNAN.* Hasn’t the cost of maintenance of the 
Fire Department been increased greatly with the two platoon system? 
Have you any idea what the percentage of the increase is? 

Mr. Boot. I suppose it has doubled up in a good many cases. 

Mr. HEFFERNAN. You said there was a saving to the cities with the 
high pressure system. With the two platoon system it would be the other 
way, wouldn’t it? 

Mr. Bootu. I mean, it has decreased the cost of maintenance, because” 
with the high pressure system you can run your department with fewer 
men and less expensive equipment. It is true that cities that have gone on 
the two platoon basis add on an average a third to the number of men. 
Your salaries have gone up, so that in a good many cases the total expense 
has doubled. We used to think that about two dollars or two dollars and 
one-half per capita meant a pretty good Fire Department, but now a good 
many of them run over four dollars, and some five or six dollars per 
capita. 

Mr. Diven. One of the advantages, to my mind, of the high service 
system, is the possibility of a better sanitary supply for the city — a better 
general domestic supply. For instance, there might be a limited domestic 
supply, not sufficient for fire protection and the domestic supply, of an ex- 
cellent quality of water which could be used if the same mains and the same 
system did not have to also supply the fire protection. This is, of course, 
meant particularly where the high service fire protection can be taken from 
an entirely different source. Most any water is good enough to put out 
fire; in fact, I have heard firemen say that the impure water was a little 
better than the filtered water for fires. 

It seems to me that there might be many cases where that would be 
a very decided advantage to the city, and if the two systems could be de- 
signed together there would be a very great saving, perhaps, in the con- 
struction of the general or domestic supply system, as smaller mains could 
be used. You would not have to provide mains that would furnish a large 
quantity of water at a given part of the city at any time, when mains 
supplying much less than that quantity would answer all of the domestic 
purposes. A very decided advantage is the possibility in some cases of 

* Superintendent Water Works, Milton, Mass. 
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securing a supply which is good in every respect, and an entirely separate 
supply for fire protection. 

Presipent Barsour. Mr. Booth, do you think it would be possible 
for us to get any statistics showing the average valuation of the districts 
that are protected by high pressure systems? If there are in some of the 
several departments of the insurance world, which are so carefully separated, 
such statistics in existence, and whether they are following the installation 
of these high pressure services by reducing the rates? 

Mr. Bootn. It would be pretty difficult, from what I know of the 
statistics available, to determine what the values involved in the districts 
are. I will try to get it. 

PresipENT Barsour. I think that will be a very interesting basis 
for future consideration of the ordinary engineer who approaches this 
problem, if it can be gotten. 

Mr. Boorn. Jacksonville, Florida, is a good example of the smaller 
city that has been able to afford a system of this kind. That is largely 
because they operate a municipal lighting plant and get their power very 
cheaply. They were able to put up a pumping station on city owned land. 

Mr. Driven. They use river water entirely, do they not? 

Mr. Booru. Yes. 

Mr. Diven. They are satisfied with very little. 

Mr. Boots. In answer to your point made a little while ago, the 
total amount of water used on fires is a very small proportion of the total 
amount used for domestic purposes. 

Mr. Driven. Yes; but it comes in big chunks. 

Mr. Bootu. Yes; but you almost always have mains large enough 
to supply the big chunks. 

Mr. Diven. You would not necessarily have those if you had other 
mains to supply the fire protection. 

Mr. Bootu. In most cases they are already in. You have to have 
them until your high pressure system, if you put one in, protects the district 
in which your high pressure is necessary. 

Mr. Diven. How about your filter plants? They would have to 
be larger if you used a filtered supply. 

Mr. Boots. There are almost always areas outside of the system 
which demand about as much water as the mercantile district. 

Mr. Diven. Not ordinarily. The high pressure ordinarily covers 
the congested district. 

Mr. Bootu. Yes; but there are almost always sections outside which _ 
demand about as much water. It has not ordinarily proved to be any — 
material saving to the Water Department to attempt to use a second supply. — 

Mr. Lrncotn Van Gitper.* Referring to the question of reduction — 
of rates due to the high pressure system, I can’t give you figures directly _ 
from memory, although I think they can be obtained from the Rating — 


* Superintendent Water Works, Atlantic City, N. J. 
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Bureau of the city. But I do know that Atlantic City recently got a 
12 per cent. reduction in rates, due to better fire protection, or a better 
fire-fighting system; a better volume of water available for the city and 
also the high pressure. And this is in spite of the fact that the high pressure 
system has not yet been formally approved and that the rate was raised 
in every other city in the state. On the Board Walk, where the values 
are high, and where the class of buildings and the contents are very inflam- 
mable, the insurance rates in the past have been very high, but since the 
installation of the high pressure system the Rating Bureau has made a 
substantial reduction to those buildings on the Board Walk that are ad- 
jacent to the high pressure system, because of the high pressure supply, 
and before its formal approval. 

There is another thing. The engine rooms are all supplied with an 
alarm, so that the alarm is struck through all the engine rooms at the same 
time it strikes on the general switch board in the Fire Department and 
Electrical Bureau, and they respond at once by giving 125 lb. pressure until 
further orders. The engine rooms are required to respond if the fire is. 
within one block of the high pressure system. 

On one occasion I recall a fire two blocks away on the Board Walk 
from the nearest plug — 850 ft. by actual measurement. The chief of 
the department made connection and got an effective fire-fighting stream. 

PRESIDENT BarBour. There is another phase that has not been deve- 
_ loped as fully as I think it might. Mr. McInnes has stated that only in 
one fire in Boston has more than 125 lb. at the pumps been called for. 

Mr. McInngs. Ten per cent. of the fires. 

PRESIDENT BarsBour. I think that in Boston as yet, not more than 
125 lb. has been called for. 

Mr. McInngs. Not yet. 

PRESIDENT BarBour. Iam wondering whether there is any justifica- 
tion for the 300 lb. pressure, particularly in the smaller sized installations. 
I would like to ask Mr. Booth if he has an opinion to express on this question 
of pressure. It seems to me that the quantity of water at a certain minimum 
pressure is the controlling factor. 

Mr. Bootu. That 300 lb. pressure I think was a figure that was 
assumed in the case of New York — not by the underwriters but by the 
city authorities themselves. I do not believe myself that there is any 
justification for such a high pressure. It has never been used in New York 
or anywhere else. I do not think we will ever have any more severe try- 
out of any of these systems than has already been had in two or more 
instances in New York. 

PRESIDENT BarBowr. Of course that must have a very direct influence 
on the cost of installation. 

Mr. Bootu. Not so much so as you might think. Has it, Mr. 
McInnes? 

































Ge mane Say RR 






spe eaee tater 






Scola aaMers 





tore eae Ee 


ara RING 


MC INNES AND BOOTH. 


Mr. McInnzgs. It is almost entirely in the thickness of the pipe. I 
agree with Mr. Booth entirely. So far as our city is concerned, 150 lb. 
is sufficient. But the increase in cost would not be so great as would appear 
at first thought. On the pumping station it would be very slight. There 
would be an increase in the strength of the walls of the pipe. 

PRESIDENT BarBour. The increase in cost may not be so affected, 
but the risk is materially reduced by lighter pressure. Take the Boston 
situation. The regulators maintain a certain pressure beyond the pumps, 
but 300 Ib. is always on the pumps in time of fire. 

Mr. McInngs. That is right. 

Mr. Boorx. Of course you have to figure on some lines a good deal 
longer than others. In the case of a big fire, where you are using a good 
many hydrants, some lines will be 800 ft. or 1 000 ft. long. You have to 
figure on 90 lb. or 100 lb. at least at the nozzle. That means, with a line 
800 ft. or 1 000 ft. long, with 3-in. hose, that you would have to have some- 
thing more than 150 lb. at the hydrant. I think perhaps 200 Ib. or 225 
Ib. is a fair maximum to expect that you might need. 

Mr. Diven. Can you give us some data between the pump pressure 
and the pressure at the end? I think Mr. Brush may be able to give us 
something on that, because they have probably longer lines of fire pressure 
mains than any other city. 

Mr. Boorn. If I remember rightly, the New York system was 


designed to deliver 20 000 gal. per min. about any one block, with a loss - a 


in pressure not to exceed 40 lb. It will do better than that, I believe. 
What figures did you assume, Mr. McInnes? 

Mr. McInNEs. We assumed a loss of 50 Ib., 12 000 gal. per min. in 
any block, pump pressure of 300 Ib. 

Mr. Davis. The pipe diameters which you gave — are they nominal 
or actual, inside or outside? 

Mr. McInnes. They are actual pipe diameters. 

Mr. Davis. You do not have the uniform outside diameter? 

Mr. McInnes. No. Personally I question the wisdom of excessive 
thickness of pipe walls, as they have been made in many cases. 

Mr. Wiiuiam R. Conarp.* Regarding excessive thickness of pipe 
walls, in cast-iron pipe, which is the principal material used in high pres- 
sure fire systems; the strength of the metal is dependent on the inner and 
outer skin of the pipe, and the thicker the section of the pipe the more 
open and weaker the inner section; if you can grasp what I am trying to 









explain. ‘| > put it from the standpoint of metallurgy, as you increase — 
your thickness the percentage of carbon in uncombined form in the inner — 
section of the pipe wall, increases. That can be partially overcome by a — 


change in your mixture, but there are in mixture changes, points beyond 
which you cannot go and expect to maintain your strength. 





* Inspection Engineer, Burlington, N. J. 
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On the question of the pressures for the high pressure fire system it 
would appear to me that probably the 300 lb. was arrived at as a factor 
of safety, and the jump in thickness of walls from the class of pipe which 
would be used for maintaining a working pressure of, say, 125 Ib. to 300 lIb., 
is about 33 per cent., and that is reflected in the cost of the pipe in the sys- 
tem alone. The increase in proportions would not be so great in the other 
parts of the structure in a high pressure system, as I view it. 

PRESIDENT Barspour. I note that Mr. Conard. says that 300 lb. 
pressure is adopted as a factor of safety and, undoubtedly, a reasonable 
factor of safety is always necessary. But what about connecting sprinkler 
systems to these high pressure services? Surely this reduces the factor 
of safety in another direction, and if such connection is debatable, then the 
question of the necessary pressure is certainly relevant. It is a surprise 
to me to have Mr. Booth apparently favor this connection of sprinkler 
systems. My thought has been that an independent high pressure fire 
service is justifiable only as a means of external fire fighting, and because 
such a system provides a weapon free from all such disturbances as may . 
result from any connection other than those under the control of the firemen. 

Mr. McInngs. I think you are entirely right there. We consider 
it an extra insurance. When I look back at our calculations that is very 
clear tome. The pipe sizes used in Boston and New York are practically 
Class “HH ” H.P. Service A.W.W. While our figures call for lighter pipe, 
and it would be wise before large future installations are made to at least 
make an actual test to the breaking point of the lighter pipes before adopt- 
ing the heavier type; apart from economy by reason of weight the lighter 
section makes more certain a uniform texture in the metal. 

Mr. Diven. To come back to the sprinkler system again. Sprinklers 
are supposed to put out fires with very small quantities of water, and cer- 
tainly the domestic system will supply that much if they are connected 
with it. As I understand it, the high pressure systems between fires have 
only the ordinary domestic pressure, by a connection with the mains. Is 
that right? Between alarms you carry the same pressure on your high 
service that you do on the other? 

Mr. Davis. Yes. 

Mr. Driven. So that the sprinklers would be no more effective before 
the alarm was sounded and the pressure increased than they would be if 
connected with the domestic system, and as for the excessive use of your 
domestic system running the pressure down, it runs it down on the fire 
alarm just the same. I can see from that absolutely no advantage to the 
sprinkler system to be connected with the fire system, and a distinct dis- 
advantage to the fire system by being connected and taking the risk of 
having a large waste of water by breaking the system by undue pressure 
in the sprinkler heads. 
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Mr. Frank E. Winsor.* Mr. Diven’s last remark brought to my 

mind the fact that in Providence the condition that he has explained to 
you is not so. We have two systems of water supply there, two systems 
of pressure—a low pressure and a high pressure. The low pressure 
supplies water up to an elevation of about ninety ft. and the high pressure 
supplies that part of the city higher than 90 ft. In addition to that, the 
high pressure is connected into a high pressure fire district, generally in 
the low level part of the city, and those pipes, which it is true are connected 
into the same mains that supply domestic consumption in the high level 
district, have no connections in the low districts. In other words, buildings 
in the low servicé district which are too high to be supplied directly on the 
upper floors from the the low service, are not permitted to make any con- 
nection on the high service fire system for domestic use. Neither are there 
any sprinklers on the high pressure fire system. 
Mr. Conarp. That, as I understand the condition which Mr. Winsor 
has just described, is also true of the city of Newark, New Jersey, except 
that Newark has a gravity supply, and the high pressure system in the down 
town section gets its pressure from the high level system. 

Perhaps Mr. Booth can tell us whether the sprinkler systems in the 
down town districts of Newark are connected with the high pressure system 
or the low pressure system. 

Mr. Bootu. They are all connected with the high pressure system. 


Mr. Winsor. Perhaps I did not bring out that the low pressure sys- 
tem in Providence is also a gravity system, supplied by a reservoir. There 
is no pumping, other than to the distributing reservoir. 





* Chief Engineer, Providence Water Supply Board. 





ELECTRIC PUMPING AT CONCORD, N. H. 
BY P. R. SANDERS.* 


(September 15, 1922.) 


The water supply of Concord, N. H. is obtained from Penacook Lake, 
which is two and one-half miles long and one-half mile wide, located about 
three miles from the center of the city. 

The overflow is at an elevation of 125 ft. above the business section of 
the city. From 1872 when the system was installed until 1892, the total 
supply was furnished by gravity alone. 

As the growth of the residential section extended westward into the higher 
parts of the city, it became apparent that steps must be taken to provide an 
increased pressure. In order to secure this increased pressure, in 1892 a 
high service system was installed consisting of a 2 000 000-gal. reservoir at - 
an elevation of 200 ft. and a 2000 000-gal. Worthington triple expansion 


pump. 

In addition to using this high service supply for the higher section of 
the city, a 20-in. main was laid through Main Street for fire protection 
only, directly connected to this system, and this has later been extended to 


other business sections. 

The pumping station is located between the city and the lake, on the 
main pipe line, about one mile from the center of the city and two miles 
from the lake and is supplied by gravity at static pressure of 50 lbs., from 
an 18-in. cement-lined main and a 20-in. cast-iron main which also furnish 
the gravity supply for the city. 

In 1904 when the village of Penacook, a part of the city six miles 
north, was added to the high service, a second Worthington triple ex- 
pansion pump was installed. Up to this time the daily average amount of 
water pumped was 400000 gal.; after the addition of Penacook, it in- 
creased to 800000 gal. The total daily consumption for all purposes is 
nearly 2 400 000 gal., 800 000 gal. from the high service and 1 600 000 gal. 
from the gravity service. 

In 1917 when the United States entered the war and coal was needed 
for the manufacture of munitions and other war supplies, it seemed best 
after a thorough investigation of the matter, to release the quantity of coal 
used to run our plant and pump by electricity. 

In this respect Concord is very favorably located, for power is manu- 
factured by the Concord Electric Co., at their plant at Sewall’s Falls, and 
the line is also tied in with the Manchester Traction Co. at Garvin’s Falls, 
both of these plants being located on the Merrimack River. 


* Superintendent of Water Works, Concord, N. H. 
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A rate was made by the Concord Electric Co. to the Water Works, by 
which they were to furnish us power at 14c. per K.W.H. After we had paid 
$1 800 there was to be no further charge until we had pumped 300 000 000 
gal. and then the rate was to be $6 per million gallons pumped, figured on a 
yearly basis. All pumping was to be done at night between the hours of 
8 p.m. and 6 a.m. except in times of fire or other emergency when we could 
pump as required. 

A contract was made with the Worthington Pump and Machinery 
Corporation for an 8-in. single stage, horizontal, split case, double suction, 
volute pump, to have an efficiency of 72 per cent. when pumping 2 100 gal. 
per minute or 3 000 000 gal. per 24 hours, against a net operating head of 
120 ft. 

To drive this pump, we furnished an A.C. 100 H.P. General Electric 
motor of the squirrel cage tyre, to operate at a speed of 1,800 R.P.M., 
which was guaranteed by the makers to have an efficiency of 91.5 per cent. 
when operated at either full or three-quarters load. A 20 x 8 Venturi 
meter was placed on the discharge main. This pump was placed in service 
in August 1919. 

As the water is taken directly from the mains that supply the city, 
provision had to be made to take care of the water hammer caused by the 
shutting down of the pump and a 4-in. relief valve was placed on the suc- 
tion to discharge into the sewer set at an overload of 20 per cent. The 
pump operates against a check valve on the discharge side as it is not 
necessary to start against a closed gate. 

No addition or new building was necessary as there was ample room in 
the existing engine room. 

The steam pumps are kept for emergency and the fireman is released 
for other duties. A small heating apparatus was installed to heat the engine 
room, as it was considered too expensive to use the large steam boilers for 
that purpose. : 

A test of the pump was made for the month of September 1919, with a 
daily average of 654 333 gallons pumped, 340 K.W.H. used and a net head 
pumped against of 126.4, and the pump showed an efficiency of 85.18 


per cent. 
During the year 1920, the record of the electric pump by Venturi meter 


measurement was: 


Water pumped, 308 879 000 gal. 
Daily average pumped, 843 931 gal. 

Gallons pumped per minute, 2 640 or 3 800 000 per 24 hours, 
Total K.W.H. used, 156 610. 
K.W.H. per 1 000 000 gal., 506. 
Static head, suction, 50 Ibs. 
Static head, discharge, 88 lbs. 
Dynamic head, suction, 37 lbs. 
Dynamic head, discharge, 90 Ibs. 
Net head pumped against, 122 ft. 
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With switch board loss of 2 per cent. and motor efficiency of 91.5 per 
cent. this gives an efficiency of 84.25 per cent. The record for 1921 was 
equally good. 

The cost of installation was as follows: 









Centrifugal pump, foundations and fittings, $2 415.22 
Motor and switchboard, 1 291.50 
Venturi meter, 1 406.16 
Heating apparatus, 344.78 










Total cost, $5 457.66 





The supplies used for the past year were 14 gal. of oil, 47 lb. of packing, 
74 lb. of waste and approximately 12 tons of coal to heat the building. 

The cost of pumping by steam figured on total pumping station ex- 
penses with no allowance for interest or depreciation charges was: 
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tSteam and electricity. 





*Excessive repairs. 





Cost by electricity, : 
| eae re Ee $13.16 per million gal. 
fee teak, Ee 12.90 per million gal. 











As wages and supplies were at least 33 per cent. higher in 1920-21 than 
in 1918, it is fair to assume that the cost per 1 000 000 gal. pumped in those 
two years would have been $22.70, pumping by steam. 

The total pumpage for 1920 and 1921 was 578 737 000 gal. which, if 
figured on the above basis, would present a saving of $5 590 by the change 
to electric power; and in addition there is the advantage of the increased 
speed with which the pump can be started in case of fire. 











Discussion. 





Mr. J. M. Diven.* How much of those costs were labor? 

Mr. Sanpers. I should say one third. 

Mr. Driven. Of course you save in labor on the electric pump very 
largely. ’ 
Mr. Sanpers. Yes. We save the cost of the fireman and handling 
of the fuel. 

PRESIDENT BarBour. Did you consider automatic operation or did 
you keep the same number of engineers on the electric pumps? 

Mr. SanpeErs. We kept the same engineer. No, we did not consider 
automatic operation at all. We did not feel it was safe to do it. 



















* Superintendent, American Water Works Association. 
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Mr. Driven. You were wise. 

Mr. SanpeErs. And in addition to that, we pump at night, and the en- 
gineer has to ring up the police station hourly so as to make sure that noth- 
ing has happened and that the pump is not running without attendance. 

Mr. Diven. It would seem to me that the peak of the load on the 
electric light plant would come in the night time, and that they would 
want you to take the day load. 

Mr. SanpErs. It does not in our town, because there are a great 
many granite manufacturers there, and their light load comes at night. 
Of course all that is required is to turn the Merrimac River through an- 
other generator. 

PRESIDENT BARBouR. Have you had any outages? Have you lost 
current? Did you have the ice storm that we had last November? 

Mr. Sanpers. No; the shut down has been practically nothing by 
electric troubles. We had a little motor trouble that caused a shut down. 

Mr. Diven. Have you had any experience with automatic control? 

Mr. Sanpers. Never in water pumping. 

Mr. Driven. I had experience in a small plant where they changed 
from steam to electricity intending to have it entirely automatic. A 
message came that this little suburban town was out of water. The power 
had been switched on about two miles from the pumping station. We 
found a pile of wreckage in the pumping station. The pump was absolutely 
to pieces. 

Mr. Hersert C. CRowELuL.* Do you depend upon the electric pump 
entirely for pumping, or do you have some other power? 

Mr. Sanpers. We keep the original steam pumps there, in good 
operating condition, so that they are ready to start on short notice. 

Mr. CrowE.tt. What is the length of the transmission line? 

Mr. Sanpers. Three or four miles. 

PRESIDENT BarBour. Have you a double transmission line? 

Mr. Sanpers. No; but the Sewall Falls, owned by the Concord 
Electric Company, is north of the city, and the Garvins Falls is south of 
the city, so that we can have it coming both ways. They are also tied in 
at Manchester with the plant there. 

Mr. Crowe.ui. Do you have to pay a fixed charge for the current? 
Do you have to guarantee to pump so much water? ce 

Mr. Sanpers. No, we do not. We pay 13 cents a kilowatt hour 
for all the power we use. That rate is figured on a basis of pumping 
300 000 000 gal. of watera year. The maximum charge is $1800. After 
paying $1 800 we do not pay any more until we pump 300 000 000 gal. 
of water, and after pumping 300 000 000 gal. the rate is $6 a million gal. 
It figures out approximately $6.40, but varies, of course, with the amount 
pumped. 

Mr. Epmunp Dunn. Iam from Garfield, N. J. The first of January, 
we took over a steam-driven plant, with triple expansion Worthington 


* Superintendent, Water Works, Haverhill, Mass. 
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pumps, similar to what they have in New Bedford, only horizontal instead 

of vertical. It was costing them $1.46 per thousand cu. ft. for pumping 
water out of deep wells. We installed an electric outfit and it is costing 
to-day 92 cents a thousand cu. ft. 

Mr. Driven. How large a plant? 

Mr. Dunn. About 2 000 gal. 

Mr. Diven. How much are you saving on labor? 

Mr. Dunn. Approximately $8 000 per year. We had three engineers 
and three firemen, paying 70 cents an hour to the engineers and 65 cents 
an hour to the firemen. We took them off. There are two men in the 
plant at the present time who are paid $100 a month. We have our Chief 
Engineer in case we have to start up an auxiliary steam plant. 

Mr. Diven. How much are you pumping per day? 

Mr. Dunn. Weare pumping now 1 000 gal. a minute, running twenty 
four hours every day. We are getting the current at 1.17 cents per kw. hr. 
A guarantee is required to take 3 000 kw. hr. a month to get that rate but 
the use is unlimited. 

Mr. Sanpers. How is your power manufactured? 

Mr. Dunn. It comes from the public service generated by steam 
power. The water is lifted out of the wells to a reservoir by an air lift 
system of about a half million gal. capacity. Pumps are the twin Valute 
type, made in Newark. I was quite surprised to hear Mr. Taylor say 
that the pump in New Bedford was only about 60 per cent. efficient. 
We get 70 per cent. efficiency. That is not a Valute pump in the strict 
sense of the word, but a centrifugal. A Valute pump is made on different 
lines ahd gives greater efficiency. We have one plant electrified, and later 
will electrify the other. 

Mr. Drven. In the small plants the labor cost per million gal. is 
very high. I should like to hear from somebody who has a pump of ten, 
fifteen or twenty million gal. a day. 

Mr. Dunn. I can tell you about paper manufacturers I am working 
with who have gas and steam power. They have the Corliss type of en- 
gine of about 3 000 h.p. But steam power to-day is no use without fuel oil 

or coal. We are installing public service through the whole mill. There 
is nothing to depend on whatsoever in that plant with the exception of 
one unit to keep our fire system in order, which we are compelled to main- 
tain to meet the requirements of the fire insurance companies. We figure 
out a saving of about $30 000 a year by using the public service in labor 
alone. And then you haven’t any coal to bother with. The coal question 
is not worrying you much over here, but we are sweating for coal at the 
present time. We expect to close some plants, and there are a number now 
closed for the want of coal. The Public Service Companies have the ad- 
vantage of us because they get their coal direct from tide water, and don’t 
have to bring it in by automobile truck or rail, as their plants are situated 
at tide water and they send the current over the Empire State with high 
pressure lines. 
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APPLICATION OF COPPER SULPHATE TO HARTFORD 
RESERVOIRS AND SOME EFFECTS UPON LENGTH 
OF FILTER RUNS. 


BY J. E. GARRATT.* 


For several years copper sulphate has been applied to the various 
reservoirs of the Hartford water system at certain seasons of the year when 
the numbers of micro-organism have become large. Previous to the filtra- 
tion of the supply, which, began late in the fall of 1921, the application of 
copper sulphate to the reservoirs was principally for the purpose of improv- 
ing the taste and odor of the water. Since the introduction of filtration, 
the application of copper sulphate has continued for the purpose of lessening 
the amount of material which the filters have to remove from the water, and 
thereby lengthening filter runs and reducing costs of operation. 

Copper sulphate is applied to the several relatively small old reservoirs 
of Hartford’s supply by traveling over the reservoir surface in a small 
boat equipped with an out-board motor, with a bag of copper sulphate 
crystals suspended over the side of the boat and in the water. A course 
around the reservoir starting close to the shore and gradually working out 
to the center is pursued. The course is determined wholly by experience 
and judgment. If the desired amount of copper sulphate has not been 
dissolved by the time the center of the reservoir is reached, such a random 
course is continued as will spread the remaining copper sulphate through 
the whole reservoir. ; 

With the new large Nepaug Reservoir recently added to Hartford’s 
supply the application of copper sulphate is a much bigger proposition, as 
it isa question of dissolving two tons or so each time. Here an eighteen 
foot motor boat is available. By experiment it was found that, with two * 
bags of copper sulphate held in the water, one from either side of the boat 
near the stern, the boat would travel at the rate of about 6 miles per hour 
and 50 lb. of coarse granular copper sulphate per bag, or 100 Ib. from the 
two bags, would dissolve in 5 minutes, using coarse mesh grain bags. — 

With this information as a basis it is possible to lay out courses over — 
any portion of the reservoir which it is desired to treat so that the required 
amount of chemical can be dissolved in a more or less uniform manner. 
This ordinarily gives courses about 100 ft. apart. The dissolved sulphate 
is considerably dispersed by the churning of the propeller of the boat, which 
is one of the decided advantages of a motorboat. 





* Office Engineer, Board of Water Commissioners, City of Hartford. 
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The Nepaug Reservoir is formed by damming two streams. There 
are, therefore, two more or less distinct basins to the reservoir. The outlet 
from the reservoir to the pipe line to the filter plant is located in one of these 
basins, and an attempt is made to keep this portion of the reservoir low in 
micro-organisms. 

This basin has a capacity of about 1 800 000 000 gal., is about 3 800 
ft. long, and has an average width of about 1 800 ft. It was first treated 
on June 17,1921, when total micro-organisms at the surface numbered 1 300 
(principally Asterionella 750 and Cyclotella 500) and at a depth of 30 ft. 
numbered 350 (Asterionella 200 and Cyclotella 100). It was decided to 
treat at the rate of 1.5 lb. per million gal., which required 2 700 lbs. of copper 
sulphate for the 1 800 000 000 gal. in the basin. To dissolve these 2 700 
lb., using two bags from the motor boat, required 27x5 minutes, or 2 hours 
and 15 minutes. During this time at a speed of 6 miles per hour the boat 
would travel about 133 miles or about 72000 ft. The average width 
of the basin being 1 800 ft. it is seen that 40 trips across would be required; 
and since the length of the basin is about 4 000 ft. the courses would be 
100 ft. apart. These courses were laid out on a plan, and land marks _ 
only were used as guides when the courses were traversed. The motor- 
boat carried twelve 50 Ibs. bags of sulphate besides a crew of three men, 
one to guide the boat and two to dissolve the copper sulphate. Since the 
rate at which the sulphate dissolved was much more rapid when the 50 lb. 
bag was first immersed, a more uniform rate of dissolution was obtained 
by putting a new full bag overboard on one side of the boat at the time 
that the bag already overboard on the other side was about one-half dis- 
solved. No attempt was made by the men handling the copper sulphate 
to dissolve the last handful or two. When this stage was reached he passed 
the bag forward to the man steering the boat, who dissolved the small 
remaining amount while the main operation continued. It took a little 
over three hours to apply the 2 700 lb., two hours and fifteen minutes of 
which was actual time on the course and the remainder was time used in 
returning for other boat loads of sulphate. 

Water samples taken at two widely separated points on June 21, 
four days after treatment, showed that the total number of micro-organisms 


. at the surface had been reduced to about 300 (Asterionella 150 and Cyclo- 


tella 130). Some few small fish were killed by the treatment. About six 
pailfuls were picked up along the shore. 

At this same time several smaller coves and portions of the reservoir, 
so located as to be conspicuous from the highway, were treated with equally 
successful results. The previous year a green algae scum formed in certain 
of these coves. None occurred during 1921 after the copper sulphate was 
applied. The micro-organisms remained low in number throughout the 
remainder of the year. 

The new filtration plant was started in a small way during November, 
1921. Only part of the total supply was filtered. Permanent rate of flow 
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and loss of head gages were not yet installed and only a temporary sand 
washing outfit was available. Piping is so arranged that water can be 
taken either from the Nepaug Reservoir, from the old West Hartford 
reservoirs, or from both sources at the same time. The water to the filters 
was taken first from the big Nepaug Reservoir. The number of filter units 
in use was gradually increased until early in February, 1922, the whole 
supply to the city was being filtered. Nepaug water was used until the 
middle of March. During all of this time the micro-organisms, which 
were very low in number, totaled about 50 (maximum 80 and minimum 
25). The average amount of water passed between scrapings or rakings 
was about 125 000000 gal. per 3-acre bed. 

From March 17 to April 3, while high colored bottom water was wasted 
from the Nepaug Reservoir previous to the spring turn-over, water to the 
filters was taken from the West Hartford reservoirs. This raw water had 
a color of about 25. The numbers of micro-organisms were not as low as in 
the Nepaug water but they were relatively low; 80 on March 17 and in- 
creasing to 185 by April 3. A filtered water with color of about 15 was 
obtained, and the rate of clogging during this short period indicated that the 
quantity of water filtered between cleanings or rakings would have averaged 
about 100 000 000 gal. per 3-acre bed, had water of this character con- 
tinued through the filters. 

Nepaug water was again put onto the filter beginning April 3. By 
the end of the month micro-organisms had increased to 150 or so, more than 
one-half being Asterionella. In anticipation of the probable need of treat- 
ing the Nepaug Reservoir with copper sulphate as was done the previous 
year, the principal West Hartford reservoirs in which the total micro- 
organisms had gradually increased to from 240 to 300 (in two Asterionella 
was the principal micro-organism and in another Nitzschia) were treated 
with copper sulphate at the rate of 2.3 lb. per million gallons early in the 
month of May in order to have them available with water low in micro- 
organisms for use while the big reservoir was being treated. 

Early in May, with Nepaug water, filters clogged very rapidly. Runs 
of as little as 40 - 45 million gallons per }-acre bed were the rule. It began 
to look as if night shifts would be needed on the washing outfit. On May 22 
Nepaug water was shut off so that the reservoir could be copper sulphated. 
While the total number of micro-organisms did not seem large, yet there 
were several times as many as in the water which had been used previously. 
At the surface they totaled 300 and at the depth of 30 ft., 200. It. was 
decided to treat the portion of the Nepaug Reservoir near the intake, that 
is, the same portion as was treated the previous year. Twenty-four hun- ~ 
dred (2 400) pounds of copper sulphate were applied on May 23 in the same 
manner as during the previous year except that fine mesh burlap bags were 
used so that no fine grains of sulphate could escape. This was at the rate of 
about 1.3 Ib. per million gallons of water treated, as compared with 1.5 Ib. 
per million gallons the previous year. The predominating micro-organisms 
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were Uroglena 50 per cent. and Asterionella 30 per cent. The treatment, 
however, was without material results. Total organisms at the surface 
were not reduced in number while at the depth of 30 ft. they increased very 
materially to about 600 total. 

In the meantime, the treated West Hartford reservoir water with total 
micro-organisms of 50 to 100 was put onto the filters, filter runs lengthened 
appreciably to 65 or 75 000 000 gal. between washings, and the washing 
emergency was passed. 

But it was desired to use Nepaug water as soon as possible so it was 
decided to treat the same portion of this reservoir again and at a rate of 
about 2.5 lb. per million gallons. On June 3, 1922, four thousand (4 000) 
pounds of copper sulphate, all of which was on hand at that time, were 
applied. This was at the rate of 2.3 lb. per million gallons. Total micro- 
organisms were 250 at the surface and 600 at a depth of 30 ft., half Asterio- 
nella and half Uroglena. Quite a few small fish were killed. Samples 
taken three days after treatment showed slight reduction in Asterionella 
and practically no reduction in the number of Uroglena. Samples taken 
the following day, June 8, showed still further reduction in the micro-~ 
organisms at the surface (average total 140), but large increase in 
number at a depth of 30 ft. (average total 1 030). 

On June 9 the change back to the Nepaug water was made, taking 
water from the intake nearest the surface where the micro-organisms were 
the lowest in number. On June 14 conditions were the same as on June 8, 
but by June 21 surface counts had decreased to an average of 65 and at the 
30 ft. depth to an average of 100. 

As a result of more or less off hand consideration of all this, it appeared 
that all that was necessary to do in order to keep filter runs long was to 
keep micro-organisms low in number. Careful watch, therefore, was kept 
of micro-organisms. No considerable increase was noticed in the Nepaug 
water, but all of a sudden, early in July, filter runs of 18, 20, 21, 23, 25 
million gallons were gotten. Experience had shown that filters could be 
lightly raked over once or even twice without materially increasing the 
amount of sand to be scraped off and washed ultimately, so that no wash- 
ing crisis seemed at hand, but on several beds there were periods of only 
ten (10) days between rakings or scrapings and in one case only seven (7) 
days. 

While water in the Nepaug reservoir was low in micro-organisms it 
was found that water in the West Hartford reservoirs, into which the pipe 
line from Nepaug emptied, had developed a considerable growth of micro- 
organisms (Nitzschia),so on June 8thisreservoir (Reservoir No.5 so-called) 
was shut off and the Nepaug water allowed to pass directly to the filters. 
Reservoir No. 5 normally is used like a surge tank to take care of the excess 
or to supply the deficit of Nepaug water, over or under the amount passing 
through the filter at any time. 
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About July 11 Reservoir No. 5 was treated with 2.3 lb. of copper 
sulphate, per million gallons the micro-organisms reduced from 270 to 
about 100 by July 18 and on that day the gate on the line to and from the 
treated Reservoir No. 5 was opened again. At the time this treated 
water was again free to pass onto the filters, one $-acre bed had only passed 
30 000 000 gal. of water and had lost three (3) of its five (5) ft. of head. 
Other beds had either just started on new runs or were practically at the 
end of runs of 20 to 25 million gallons as stated above. 

A few days later it was noticed that loss of head on the bed which was 
in the midst of a run, Bed 3 so-called, began to decrease. It continued to 
decrease. At the same time a slimy deposit on the walls and bottom of the 
walls and bottom of the aerator disappeared. Bed 3 gained a new lease of 
life and continued in service until August 24, passing 90 000 000 gal. of 
water. Runs on other filters since the last of July have varied from 45 
to 80. Micro-organisms in Nepaug reservoir have continued low, 30 to 50. 
But at the present time, August 25, micro-organisms in Reservoir No. 5 
have again increased to over 300 without as yet causing any noticeable 
increase in the rate of clogging of the filters. 

Presumedly we have not as yet gotten the whole story in regard to the 
amount of copper sulphate needed for effective treatment or in regard to the 
relation between number of micro-organisms and lengths of filter runs; 
but it is thought from the information so far collected that the application 


of copper sulphate has possibilities as an aid to economical filter operation 
with Hartford’s water. 


DISCUSSION. 


Mr. Garrett. In the matter of the application of copper sulphate 
to the reservoir, we have always been very careful not to put so much in 
as to kill the fish. 

Mr. J. M. Diven.* On the matter of killing fish my observation has _ 
been that the game fish are seldom killed, — but it is such fish as carp, for 
instance. At the Troy Reservoir we took out six tons of carp. They are 
a mud fish, and work around in the bottom. The water being a little tur- 
bid, the copper sulphate was carried to the bottom and the fish got it. 
In all that six tons I think there was only one black bass that was killed. 





* Secretary American Water Works Association. 
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s WATER SUPPLY OF SOUTHEASTERN MASSACHUSETTS. 
1. BY X.,H. GOODNOUGH.* 
le [September-1922 
1S Southeastern Massachusetts is a term ordinarily used to designate 
‘0 that part of the Commonwealth included in the old Plymouth Colony 
e which at present comprises the counties of Plymouth, Bristol and Barn- 
of stable on the mainland and the island counties of Dukes and Nantucket. 
of In the counties of Barnstable, Dukes and Nantucket there are no large 
5 centers of population and local water supplies are readily available which 
). from present prospects are ample for all probable needs. Plymouth 
5 County contains but one large city, Brockton, amply supplied with water 
e from sources situated in a region in which supplementary water supplies 
are readily available to meet future requirements.. Plymouth, the next 
e largest municipality in this county, has also an excellent water supply in 





a region of abundant further resources. 

The greatest concentration of population in southeastern Massa- 
chusetts is found in the county of Bristol and is centered chiefly in the 
three principal cities — Fall River, New Bedford and Taunton. These 
cities contain many of the most important textile industrial plants in 
New England if not in the whole United States. 

It will be shown later that Fall River and New Bedford, which together 
contain nearly 87 per cent. of the population of the three principal cities 
of southeastern Massachusetts under consideration, exclusive of the 
adjacent towns, are already using nearly all the water that their present 
sources of supply can safely be relied upon to furnish. If these cities’ 
continue to grow and to use more and more water, as has been the case in 
the past, additional water supplies must be secured, immediately in the 
case of Fall River, and within a very few years in the case of New Bedford, 
or a shortage of water supply will be experienced in the next dry period. 
Estimates of the population and of the quantity of water likely to be 
required for the supply of these cities which will be presented indicate that 
their population may be expected to double within the next fifty to sixty 
years if their growth continues approximately as shown by past experience. 
(See Diagram No. 1.) These estimates may seem large, but even if these 
cities should grow more slowly the quantities of water required for their 
use will equal the estimates within a comparatively few years beyond the 
time indicated. Fifty years is a short period in the life of a city, and many 
of the present inhabitants of these cities in the natural course of events will 
still be dwelling there at the end of that period. 

*Director and Chief Engineer, Mass. Dept. of Public Health. 
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The industries of these cities have long been established and there is 
no reason why their growth should cease or even be materially restricted, 
in the immediate future at least, on account of the establishment of similar 


FALL RIVER, TAUNTON, NEW BEDFORD 








PER CAPITA DAILY CONS. GALLONS 


1870 1880 1890 1900. 1910 1920 1930 1940 1950 1960 1970 
Dracram No. 1. 


industries elsewhere or from any other cause that is apparent at the present 
time. The great manufacturing cities of England have not declined 
because of the growth of similar industries in England or in any of the 
other countries. On the contrary, those cities have grown steadily, and 
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for more than half a century their growth has been as rapid or even more 
rapid than is here estimated for the cities of southeastern Massachusetts, 
though the English cities have attained a much larger size. (See Diagram 
No! 2.) 
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Except for the natural ponds, the region of southeastern Massachu- 
setts is a singularly unfavorable one in which to obtain large quantities 
of unpolluted water for domestic uses within reasonable limits of cost. 
The valleys in general are wide and flat and are occupied commonly by 
extensive swamps. In consequence, the waters of the streams are usually 
highly colored and contain large quantities of organic matter. The rivers 
and water courses in many cases are exposed to pollution from towns and 
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villages on their watersheds and from manufactories producing large 
quantities of objectionable wastes which find their way into the streams. 
The contours of the valleys, as a rule, are poorly adapted for the con- 
struction of reservoirs of large size unless by the flooding of swamps which 
would produce waters of highly objectionable quality. Two remarkable 
groups of natural ponds, however, characterize the topography of this 
region, and they include the largest natural reservoirs in the State. One 
group, known as the Watuppa Ponds, lies adjacent to and partly within the 
city of Fall River and from the northerly pond of this group, known as 
North Watuppa Pond, the city of Fall River has obtained its water supply 
since water works were first introduced into the city in 1874. The other 
group, known as the Lakeville or Middleborough Ponds, is situated partly 
in Lakeville and partly in Middleborough with small portions in Freetown 
and Rochester, and has been used as the source of water supply for the 
cities of New Bedford and Taunton for many years, the former taking its 
supply from Little Quittacas Pond supplemented by Great Quittacas Pond, 
while Taunton supplies itself from Elder’s Pond supplemented with water 
pumped into Elder’s from Assawompsett Pond. : 


THe WaTER Suppiy oF Fatt River. 


The Watuppa Ponds have thus far furnished all of the water used in 
Fall River for water power and for domestic and manufacturing uses, — 
the domestic water supply, including all water supplied from the municipal 
works, coming from the North Pond. 

These ponds have been carefully surveyed and mapped and accurate 
information is thus available as to their storage capacity and the areas 
of their watersheds. 

From this information the following table is presented showing the 
original drainage area of each pond and the area and capacity of the North 
and South Watuppa Ponds respectively, together with the changes due 
to diversions from the watershed of North Watuppa Pond designed for the 
purpose of preventing pollution of the water to which reference will later 
be made, 


DRAINAGE AREAS AND AREA AND Capacity OF WaTupPPA Ponps. 
Drainage Areas 
Original after Completion Approximate 
Pond. Drainage of Diversion Area Capacity 
; Area Works. (Sq. Mi.). (Mil. Gals.). 
(Sq. Mi.). (Sq. Mi.). 
North Watuppa Pond 11.44 8.54 2.82 7 200 
South Watuppa Pond 16.10 19.00 2.42 8 000 


With the available records of rainfall for this region, which cover in 
some cases very long periods of years, and with the measurements of the 
flow of North Watuppa Pond which were maintained for a number of 
years by the city of Fall River, sufficient data are available for computing 
within narrow limits the probable safe yield of these ponds. 
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With this information estimates of the safe yield of North Watuppa 
Pond indicate that about 7 million gal. per day can be drawn from the 
pond without lowering the water level more than about five feet. It is 
possible by drawing the pond to a lower level, and thus utilizing a greater 
portion of the storage, to enlarge somewhat the yield of this source, but a 
draft of more than about 8 million gal. per day would be likely to 
exhaust the storage in the pond in a dry period. It is desirable to retain 
as large an amount of water in the pond as practicable for several reasons, 
especially for the purification of the water and the protection from the 
effect of possible pollution which storage affords, and the limit of 5 ft. in the 
draft from this pond is a reasonable one under the existing circumstances. 

The quantity of water used in the city of Fall River since 1890, the 
population of the city, the consumption of water per capita, number of 
services and per cent. of services metered, are shown in the following 


table: 





Per Capita 
Average Daily Dai No. of Per Cent. 
Year. Population.* x ption x pti Services. of Services 
(Gallons) . (Gallons) . Metered. 
Beye ees ew 74 398 2 136 000 * 29 4980 75 
| DES cae regi 77 359 2 356 000 30 5 247 76 
Bear dar prose 80 320 2 286 000 29 5 526 77 
5 TRE Se 83 281 2 334 000 28 5 793 78 
ROE Soe edie dee 86 242 2 438 000 28 6 138 80 
BAG. BARAT 89 203 3 167 000 35 6 372 82 
IS Sarai anibe es 92 335 3 547 000 38 6 704 84 
RE ees a 95 467 3 670 000 39 6 422 93 
USE RE Seen 98 599 3 136 000 32 6 576 93 
ECU ee geo 101 731 3 581 000 35 6 783 94 
Ms le SS ie 104 863 3 805 000 36 6 943 94 
SPS reas 105 043 3 619 000 34 7 075 96 
MR sick coshiis Ss 105 223 4 365 000 41 7-282 96 
BU sis css Gi so 105 402 4 278 000 41 7 502 96 
Rea 105 582 4 092 000 39 7 667 96 
Seta ce gigas 105 762 4 407 000 42 7 744 97 
Ds. rat 108 469 4 478 000 41 7 845 98 
LS So ge eareeae ae 111 175 4 941 000 44 7 956 98 
DS re 113 882 4 968 000 44 8 108 98 
We oe ss 116 588 5 340 000 46 8 316 99 
Sap alma SS ean 119 295 5 200 000 44 8 501 99 
| SPER ere 120 394 5 177 000 43 8 790 99 
BURRIS cs cass 121 493 5 335 000 44 8 988 100 
Se eas Ci 122 593 5 636 000 46 9 289 100 
SR aor re 123 692 5 967 000 48 9 497 - 100 
oo Eee 124 791 6 086 000 49 9 793 - 100 
SUED cose t's 85 123 930 6 068 000 49 10 069 100 
|? SORE ngay: 123 069 . 6 346 000 52 10 210 100 
WB. os as 122 207 6 344 000 52 10 290 100 — 
MRI OR anzarttees 121 346 5 907 000 49 10 382 100 
7 SERRE DNS SR pape 120 485 6 376 000 53 10 500 100 — 


6 971 000 10 671 





120 485 


* Populations for other than census years are estimated. 
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From the above table it appears that the quantity of water used in 
1921 is practically equal to the safe yield of this source of supply. It will 
be noted that the per capita daily water consumption in the city of Fall 
River has in the past been less than in almost any other large manufactur- 
ing city in the State. This condition has been due to several causes, 
prominent among which is the fact that the South Pond and the 
Quequechan River furnish an ample supply of excellent water for manu- 
facturing uses, and as the principal industries of the city are situated for 
the most part along this pond and river a large part of the water used for 
manufacturing and mechanical purposes is taken from those sources, thus 
relieving the draft from the municipal works. Furthermore, as the table 
indicates, meters have long been used very generally in Fall River and for 
many years practically all of the water used in the city has been supplied 
through meters. While the consumption per capita was much smaller 
than in any other city for many years after water works were introduced, 
it has been constantly increasing notwithstanding the use of meters, and 
there is no reason to doubt that with improving standards of living and” 
with the introduction of new industries there is likely to be a still further 
increase in the consumption per capita which must be taken into account 
in planning for future extensions of the water supply system. 

The selection of a source of additional supply involves the problem 
of the allowance to be made for the growth of population and increase in 
the use of water in order to furnish a reasonable basis for comparison of the 
relative advantages of available sources. The growth of Fall River, like 
that of the other textile cities in the State, has been uneven, having been 
very rapid in some periods and slower in others according to the varying 
prosperity of such manufacturing centers, most of which, though on the 
whole growing steadily larger, have shown a decline in population at 
times. The city of Lowell, for example, decreased slightly in population 
between 1855 and 1860 due to poor business conditions, and a marked 
decrease amounting to 5 837 in number occurred during the period between 
1860 and 1865 due to conditions brought about by the Civil War. The 
city of Lawrence declined in population slightly between 1880 and 1885 
though it. has since increased rapidly with the establishment of the woolen 
industry in that city. The city of New Bedford, in common with many 
other places, declined in population during the period of the Civil War, 
from 1860 to 1865, but with the establishment of the textile industry that 
city has grown rapidly in recent years. 

The city of Fall River grew very slowly in the period 1900 to 1910 
due to unfavorable industrial conditions, and during the period of the 
great war, from 1915 to 1920, the population actually declined nearly 
4 per cent. But it is unreasonable to conclude from the decline in the 
population of Fall River during the war that that city will continue to 
decline in population or even that it has reached the limit of its growth. 
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In view of the experience of other industrial cities, the only safe course 
in selecting an additional water supply is to assume that the population 
will continue to grow, more or less irregularly probably, as has been the 
case in the past, but on the whole continuously for a considerable time in 
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the future. In view of the growth of English manufacturing cities situated _ 
in a far more densely populated country than the United States or even 5 
New England to-day, it is unreasonable to assume that large manufacturing _ 
cities have reached the limit of their growth. a 

In diagram No. 2, the growth in population of several of the large 
jndustrial cities in England * was shown as compared with Fall River and 




















*Some of these cities have recently grown more slowly than formerly. Whether these conditions. 
are due to a restricted area or to consequent overflow into adjacent districts has not been ascertained. 
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New Bedford both before and after the English cities had attained a pop- 
ulation of about 120000, which was the population of both Fall River 
and New Bedford in 1920. Diagram No. 3 shows the rate of growth of 
England and Wales and of the New England States. 

Assuming that the city of Fall River will continue to grow about as 
it has in the past and allowing for a gradual increase in the consumption 
of water per capita, the quantity of water required for the supply of the 
city has been estimated as follows: (See also Diagram No. 4). 


3 Per Capita Daily Average Daily 
Year. Population. Consumption Consumption 
(Gallons). (Gallons). 


52.9 6 374 000 


5 


SexIUIAS 
SCOMOHM RARE 


18 658 000 


While these estimates may seem unreasonably large it does not appear to 
be safe to take smaller figures in view of the circumstances which are 
likely to favor the further growth of this city, and in view also of the 
possible extension of its water supply system into adjacent territory. 


The Quality of the Water of the Watuppa Ponds. 


The water of the North Watuppa Pond is naturally soft, low in color 
and of excellent quality for domestic use. Many years ago, owing to the 
increase of population within the watershed of the pond, the city began 
the purchase of lands within the watershed and now. owns nearly 60 per 
cent. of the area at present tributary to North Pond. In parts of this 
watershed on the westerly side of the pond in the drainage areas of Cress, 
Highland and Terry Brooks the population had increased to such an 
extent when the threat to the water supply was realized that it was found 
impracticable to purchase the lands except at a cost which was prohibitive, 
and in certain other small areas at the easterly side of the pond in the 
watershed of Nat and Ralph Brooks the increase in population had become 
such as to make the cost of protection by acquiring these areas excessive. 
The plan was then adopted of diverting the flow of water from objectionably 
populated drainage areas by means of intercepting drains, and a large 
intercepting drain was completed on the westerly shore of the pond in 
1916 by which all of the flow from the populated areas in that part of the 
watershed is diverted into the South Pond. Plans were prepared at that 





*Figures for 1920 actual, all others estimated. 
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time for diverting into the South Pond the flow of a large part of the 


drainage areas of Nat and Ralph Brooks on the easterly side of the pond, 
but the construction of the necessary works was interrupted by the war. 
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For nearly 30 years preceding the construction of the intercepting drain 


on the western shore of the pond in 1916, the quantity of organic and — 


mineral matter in the water of North Pond had gradually increased, but _ 
since 1916 conditions have improved and the mineral and organic contents _ 
of the water have materially diminished. a 
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Sources of Additional Supply. 


In any consideration of an additional water supply for Fall River, 
the first source to which attention is naturally directed is the South 
Watuppa Pond apparently so readily available for the use of the city. 
The first considerable number of analyses of the water from the South Pond 
was made in 1898, and the results of those analyses show that while at 
that time the water contained larger quantities both of mineral and organic 
matter than that of the North Pond, the difference was not as marked as 
it has since become, and there is little doubt that the quality of the water 
of the South Pond was originally the same as that of the North Pond. 
With the growth of population and industries along the shores of the 
South Pond and the diversion into it of water from populated areas within 
the watershed of North Pond, the water of South Pond has become more 
and more polluted until the quantity of mineral matter in the water is 
more than double that of North Pond, while the proportion of organic 
matter present is even greater. If this water were now to be used as a. 
source of water supply for the city of Fall River, filtration would of course 
be necessary, since the cost of preventing its pollution would now be im- 
practicable. But as the city grows filtration itself would become inade- 
quate unless the inhabitants were satisfied to use a highly mineralized 
water, as compared with the water supplies of other cities in the State, 
and one which would still further deteriorate in quality. While the poor 
quality of the water and the probability of further deterioration are not 
the only and probably not the most serious objections to the use of this 
source for the water supply of Fall River, the use of so polluted a water 
with the likelihood of further deterioration is not to be justified if waters 
of better quality are available. 

South Watuppa Pond being obviously unfavorable as an additional 
source of water supply, the city of Fall River has considered other sources 
in this region including several small local sources and Long Pond of the 
Lakeville group. These investigations show that it is impracticable to 
secure additional water supply from local sources except in small quantities 
and at excessive cost, considering the amount obtainable. They show 
further that in the end recourse would inevitably be had to a much larger 
supply which could be obtained most favorably from the Lakeville Ponds, 
provided they were then in a condition in which they could be used for 
water supply purposes or could be made available for such use at a reason- 
able cost. ; 

Since recourse must eventually be had to the Lakeville Ponds, it 
would be far more economical for the city to secure its water supply from 
those ponds in the beginning than to expend the large sums of money 
needed for the development of small additional supplies from local sources, 
and in the not distant future a further large sum for obtaining a satisfactory 
water supply from the Lakeville sources, the cost of which would un- 
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doubtedly be greater than if these sources were taken and their purity 
secured at the present time and might be prohibitive. 

It should be noted here that, while North Watuppa Pond is the only 
source of water supply of the city of Fall River, the city does not as yet 
control the flowage rights in the pond but that under an existing agreement 
the owners of this flowage can draw freely from North Watuppa Pond 
so long as the level of the water remains above 40 in. below full pond. 
Furthermore, these owners can continue to draw 5 million gallons per day 
when the surface of the pond falls below 40 in. below full pond and 2 
million gallons per day when the water is at or below 55 in. below full 
pond, no matter to what level the water may be lowered. Obviously, 
unless this draft can be discontinued, the safe yield of North Watuppa 
Pond, which now amounts to about 7 million gallons per day when 5 ft. 
of the storage is utilized, might be very materially reduced in a dry period 
by draft by the mills, while if any new source of water supply should be 
introduced much of the water could be diverted from the pond for the use 
of the mills on the Quequechan River. To meet this difficulty, the city 
has appointed a commission to secure the flowage rights in North Watuppa 
Pond, and it is understood that negotiations are now nearly completed 
whereby the city will secure these rights of flowage and exclude further 
draft from the pond for the use of the mills. 


Water Suppty oF New BeEprorp. 


The city of New Bedford has had a variable growth, having even 
declined in population during the Civil War as already mentioned. In 
recent years its growth has been rapid and has extended to the adjacent 
towns of Dartmouth, Acushnet and Fairhaven, two of which, Acushnet 
and Dartmouth, are supplied with water from the New Bedford water 
works. 

The ec rcumstances affecting the use of water in this city are quite 
different from those at Fall River, since there is no large supply of fresh 
water like South Watuppa Pond available for industrial use, and prac- 
tically all of the water for manufacturing and mechanical as well as 
domestic purposes must be taken from the municipal works. 

The water works system of the city of New Bedford was introduced 
in 1869 and for many years the use of water per capita was large, but un- 
necessary use and waste has been checked in recent years by the metering 
of all services. 

The quantity of water used in the city of New Bedford in each of 
the years since 1895, together with the population, the consumption of 
water per capita, the number of services and the per cent. of services 
metered, is shown in the following table: 
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f Per Capita 

Average Daily ily 

Population.* Consumption Consumption 
(Gallons). 


55 251 
56 689 
58 127 
59 566 
61 004 
62 442 
64 826 
67 210 
69 594 
71 978 
74 362 
78 820 
83 278 
87 736 
92 194 
96 652 
99 235 
101 818 
104 402 
106 985 
109 568 
111 898 


& & 


9 280 
9 447 
9 612 
9 927 
10 166 
10 477 
10 764 
11 107 
11 516 
12 043 
12 769 
13 311 
13 643 
14 055 
14 407 
14 770 
76 15 126 
114 228 81 15 293 
116 557 83 15 376 
118 887 81 15 665 
121 217 83 15 962 
123 546 76 16 354 
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The consumption per capita was much smaller in the years of business 
depression, in 1914 and 1915, than before or since that time. A con- 
siderable reduction in the use of water again appears in 1921, a condition 
no doubt due to the mild winter and the excessive rainfall of the summer 
season by which that year was characterized and no doubt also by the 
prevailing business depression. 

The future needs of the city in the matter of water supply have been 
estimated as follows: (See also Diagram No. 5). 

Per Capita 
Daily Total 


Year. Population. Consumption Consumption 
} (Gallons). (Gallons). 


121 217 ; 10 085 000 
136 300 : 11 858 000 
151 700 ‘ 13 744 000 
166 900 ‘ 15 705 000 
181 900 ; 17 735 000 
196 400 ; 19 797 000 
210 800 ; 21 923 000 
225 000 : 24 097 000 
239 100 ‘ 26 325 000 
253 200 ‘ 28 612 000 
267 100 ; 30 930 000 


*Populations for other than census years are estimated. 
+Figures for 1920 actual, all others estimated. 
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As in the case of Fall River, the estimates may seem large but the favorable 
location of the city and the probable extension of its boundaries should 
be allowed for in any estimate of future growth. 
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Sources of Supply. 


The city of New Bedford was formerly supplied from a storage reservoir 
on the Acushnet River which furnished water which would now be re- 
garded as of very poor quality for domestic use, being highly colored and 
heavily charged with organic matter, especially in the earlier years. In 
many respects the condition of the water of this reservoir is much the same 
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to-day. In 1886 the supply from the Acushnet Reservoir was supple- 
mented by diversion into it through a canal, of water from Little Quittacas 
Pond, one of the Lakeville sources, and Jater on, in the year 1899, works 
were completed for supplying the city wholly from Little Quittacas Pond, 
supplemented with water flowing into it from Great Quittacas Pond. 
Under the authority of the Legislature these two ponds were separated 
from the remaining ponds of the Lakeville group and granted to the city 
of New Bedford as sources of water supply. 

The area of the watersheds of these ponds, their area, average depths, 
and storage capacity are shown in the following table: 



































Area of Watershed Area of Storage 





Including Water Water Coty 
Pond Surface Surface (Mil. 
(Sq. Mi.). (Sq. Mi.). Gals.). 
Great Quittacas Pond ........... 11.42 1.81 4 990 
Little Quittacas Pond ............ 1.39 0.50 1 030 


Quality of the Water of Great and Little Quittacas Ponds. 


The water supplied by Great and Little Quittacas Ponds is soft and 
of good quality for domestic use. Soon after obtaining the right to the 
use of these ponds as sources of water supply, the city began securing the 
control of the lands within their watersheds and at the present time con- 
trols a large part of the watersheds of both Great and Little Quittacas 
Ponds and their tributaries. These lands were secured before the time 
when the use of the shores of ponds and banks of rivers as summer resorts 
had become as general as it is to-day and the lands were acquired at a small 
expense compared with the probable outlay that would now be necessary 
in case this opportunity had not been availed of at the right time. In 
consequence, there are very few dwelling houses within the watersheds 
of these ponds and the small population now living there is likely to diminish 
gradually as the remainder of these lands come under the control of the 
city. While these ponds furnish water which is soft and naturally of 
excellent quality for water supply uses, there are considerable areas of 
swamps on their watersheds, especially in the drainage area of Black 
Brook, the principal tributary of Great Quittacas Pond, and when it 
becomes necessary to use a greater portion of the storage than has been 
necessary in the past, the length of storage and its benefits in improving 
the quality of the water of tributary streams will be less effective than has 
hitherto been the case. 
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Safe Yield of Great and Little Quittacas Ponds. 


In estimating the yield of these sources, it is necessary to allow for the 
_ retention of enough water in the ponds to secure sufficient benefit from 
storage to prevent serious deterioration in the quality of the water; but 
assuming that these ponds will be drawn down to a level of about 12 ft. 
below high water, using 80 per cent. of the storage capacity, their safe 
yield would be about 12 million gallons per day. This quantity is only 
about 28 per cent. in excess of the consumption of water in the city in 1921. 
The drawing down of the storage to such an extent would probably affect 
unfavorably the color and other qualities of the water. 


Additional Water Supply. 


The city of New Bedford at the present time supplies water to the 
adjacent towns of Dartmouth and Acushnet and to a small area in Free- 
town, the quantity used in Dartmouth in 1921 having been 56 000 gal. per 
day and in Acushnet 40 000 gal. per day. The city is also authorized to 
sell water to Lakeville. 

The old storage reservoir is still available for use in emergencies. 
This reservoir has an area of about 300 acres and a storage capacity of 
about 400 million gallons, and receives the flow from a watershed of about 
5.3 sq. mi. Its safe yield is probably about 3 600000 gal. per day. 
The water of this reservoir has always been high in color and it contains a 
larger amount of organic matter than is found in the waters of most of 
the natural ponds in this region. This water could probably be used in 
an emergency if proper sanitary inspection were maintained within the 
watershed, but its quality at the present time would no doubt be objec- 
tionable unless filtered, and the expense of making it satisfactory for the 
use of the city would be large in proportion to the quantity of water 
obtainable. 

An additional supply can be obtained more readily from Assawompsett 
Pond if approved by the Legislature than from any other source, since it is 
easily practicable to divert water from Assawompsett Pond into Great 
Quittacas Pond, these sources being separated only by a narrow causeway. 


WatTeER Suppity oF TAUNTON. 


The city of Taunton had a population in 1920 of 37137. This city 
has grown more slowly than New Bedford or Fall River and in one census 
period, between 1900 and 1905, the population slightly declined. 















A water supply was introduced in the year 1876. The quantity of | 


water used in the city of Taunton since 1895, together with the population, i 
the consumption of water per capita, the number of services and the per | 
cent. of services metered, is shown in the following table: 
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Per Capita 
Average Daily ily 
Population.* Consumption Consumption 

(Gallons). (Gallons). 


153 000 43 
179 000 42. 
250 000 44 
302 000 44 
458 000 48 
645 000 53 
738 000 56 
512 000 49 
531 000 49 
771 000 57 
910 000 
915 000 
144 000 
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It will be noted that the consumption of water per capita has increased 
gradually notwithstanding the steadily increasing percentage of metered 
services. 


The probable future needs of the city of Taunton in the matter of 
water supply have been estimated as follows: (See also Diagram No. 6). 


Per Capita 
Daily Total 
Year. Population. Consumption Consumption 
(Gallons). (Gallons). 


37 137 91.4 394 000 
40 000 93.9 756 000 
42 900 96.4 136 000 
45 800 98.9 530 000 
48 700 101.4 938 000 
51 600 103.9 361 000 
54 400 106.4 788 000 
57 200 108.9 229 000 
60 000 111.4 684 000 
62 800 113.9 153 000 
65 600. 116.4 636 000 


* Populations for other than census years are estimated. 
+ Figures for 1920 actual, all others estimated. 
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Sources of Water Supply. 

The city of Taunton formerly obtained its water supply from a filter 
gallery near the banks of the Taunton River supplemented with water 
taken directly from the river. Subsequently, in 1894, works were com- 
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Diacram No. 6. 


pleted for taking water from Elder’s and Assawompsett Ponds of the ; . 
Lakeville group. At the present time water is pumped from Assawompsett 
Pond at a pumping station located on its westerly shore about half a mile — 
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north of the outlet of Long Pond into Elder’s Pond, whence it flows by 
gravity to a pumping station in Taunton from which it is supplied to the 
city. The water supplied in this way is soft, very low in color and of 
excellent quality for domestic use. The quantity of water used from these 
ponds by the city of Taunton is only a small portion of their safe yield 
in a dry period. 

The city of Taunton has acquired all the lands about Elder’s Pond 
and considerable areas along the shore of Assawompsett Pond for the 
protection of its water supply, but the amount so controlled is small in 
proportion to the entire shore line of Assawompsett Pond and its tribu- 
taries, Long and Pocksha Ponds. 


THE LAKEVILLE Ponpbs As SourcEs OF WATER SuPPLY FOR THE JOINT 
Use or Tue Cities or Fatt River, New Beprorp anp TAUNTON 
AND OTHER MUNICIPALITIES IN THEIR VICINITY. 


In connection with the investigation of the water supply needs and ~ 
resources of the Commonwealth, under the provisions of Chaper 49 of 
the Resolves of 1919, the available information relative to the area and 
capacity of the Lakeville Ponds was collected in coéperation with the 
authorities of New Bedford and Taunton and was supplemented with such 
further surveys and soundings as were necessary to determine the area, 
depth and capacity of all the larger lakes, the areas of their watersheds, 
the extent of the swamps thereon, and the number of dwelling houses, 
cottages and other structures within their watersheds. From that report 
the following table is taken showing the area, capacity, elevation of water 
surface and area of watershed of each of these ponds: 


Elevation 

Area of Area of at Which 

, Watershed Water Storage Data Are 
Including i 


Surface. Capacity. 
Water Surface. (Sq. Mi.). (Mil. Gals.). 

(Sq. Mi.). 

Long Pond 21.22 

Assawompsett and Pocksha Ponds .. 13.17 4.20 

Great Quittacas Pond j 1.81 

Little Quittacas Pond : .50 

Elder’s Pond : 22 








9.53 


The ponds are divided naturally into two groups each of which is 
tributary to Assawompsett Pond, the largest and under original conditions 
the lowest of all. The waters of Elder’s Pond flow naturally into Long 
Pond and thence into Assawompsett Pond near its southerly end, while 
on the easterly side of the watershed the waters of Little Quittacas Pond 
flow naturally to Great Quittacas Pond and thence in times of high flow 


*These elevations, observed on March 18, 1920, are the highest recorded during the progress of the 
surveys. 
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into Pocksha Pond which is practically an arm of Assawompsett Pond on 
its easterly side. The Nemasket River, which forms the outlet of the 
entire group, flows northerly from the northerly end of Assawompsett 
Pond. The conditions affecting these ponds have been materially changed 
since the cities of New Bedford and Taunton began drawing water from 
them, and in dry seasons under present conditions little or no water over- 
flows from Great Quittacas Pond into Pocksha Pond and no water runs 
from Elder’s Pond to Long Pond. A dam has been constructed by the 
city of New Bedford, as authorized by the Legislature, between Great 
Quittacas and Pocksha Ponds to prevent water from the latter flowing 
into Great Quittacas Pond except in times of high flow, but the surplus 
water of Great Quittacas Pond discharges into Pocksha Pond. 


Quality of the Water. 


The water of all the Lakeville Ponds is very soft and naturally of 
‘ excellent quality for water supply uses. The water of Long Pond, which 
receives the flow of nearly half the aggregate drainage area of the ponds, 
is usually considerably colored, but in the remaining ponds the color is 
not at any time excessive and the waters supplied from Little Quittacas 
Pond and Elder’s Pond to New Bedford and Taunton, respectively, are 
among the most desirable waters of the State. The comparatively low 
color of the water of most of the ponds is in marked contrast to that of 
their chief tributaries, some of which are very highly colored. This high 
color is due to tk» passage of the water through swamps of which the 
watersheds of these ponds, like most watersheds in this part of the State, 
contain extensive areas, and it will be necessary in order to maintain and 
improve the quality of the water of the ponds to drain or otherwise better 
the conditions in the swamps. These swamps have an aggregate area 
of about 5.34 sq. mi., or a little over 3 400 acres, and fall naturally into two 
groups. One includes those which are adjacent to the streams tributary to 
the ponds and includes the swamps adjoining Black Brook, Fall Brook 
and a brook flowing from Elder’s Pond which contain in the aggregate 
some 2400 acres. The brooks which drain these extensive swamps have 
sufficient fall for the most part to allow of their adequate drainage, and a 
great improvement in the color of these waters could no doubt be effected 
thereby. The second group of swamps includes those which are ad- 
jacent to the shores of the ponds themselves with an aggregate area of a 
little over 1 000 acres and a total frontage along the ponds of about 41 800 
ft. These swamps are about 48 in number and occupy about 23 per cent. of 
the shore line of the ponds from which they extend back varying distances of 
from 100 to 4 600 ft. Their surfaces lie, for the most part, little above the 
normal level of the high-water surfaces of the ponds, but by drainage, 
diking or other means they can either be drained or so treated as to prevent 
them from affecting seriously the quality of the waters of the ponds. 
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The high color of the waters of the tributaries is rapidly reduced when 
exposed to sunlight and other influences in their passage through the 
ponds, in which the color is largely removed by bleaching, by dilution with 
the rainfall and with water not affected by swamps, and by other actions 
which take place in large storage reservoirs. When the water finally 
reaches the outlet of the last pond of the series the color is reduced to a 
comparatively small amount. 

The extent of this improvement depends largely, no doubt, upon the 
time which elapses in the passage of the water through the ponds, and if 
the water in storage should be drawn to too low a level the colored water 
of the tributaries could pass through more rapidly and there would be less 
improvement than at the present time. For this reason, while it is probable 
that for many years the draft on the ponds by the cities in question would 
affect but little the color of the water, it is important that as the draft 
increases the color of the waters of the tributaries shall be reduced by 
drainage so far as is necessary and practicable to prevent them from raising 
the color of the water in the ponds to an objectionable degree. 


Protection of the Purity of the Water of the Lakeville Ponds. 


The watersheds of the Lakeville Ponds contain no villages of consider- 
able size and no important manufacturing establishments producing foul 
wastes are found within their limits. The permanent population is, in 
fact, very small and widely scattered and danger of pollution from it nearly 
negligible; but while the population living permanently within the 
watersheds of these ponds is very small compared with their area at the 
present time, there is a considerable and growing population in the cottages 
and camps about the shores of Long, Pocksha and' Assawompsett Ponds, 
and, while a small area is under public control along the shores of Assa- 
wompsett Pond, the remaining lands are still in private ownership and 
are open to settlement. The total number of dwelling houses, camps, and 
other buildings located within the watersheds of these ponds amounted 
at the time of the recent surveys to about 342. A classification of the 
lands within approximately 1 400 ft. of these ponds is given in the following 
table: 


Land. Acres. 
Cob Gane NEE Tae Tie eo ee rr ee eS ee eke ew ak 228 
PYEVRE AAREO OME DONE Se sc re oer ae se Sa eh Evie BE Se bbe hee 171 
Pari Tene 0 Sp ok er os oS Re PCS REN Gib eS Ho dt eee abba ced 92 
Heayit WOON telson a cig Bera PORE eG 609 
OME RINE as a a Ae org ee Meer eee nae g ores cou care 1 060 
SIWAMIOR RNG eS ial ps ia ne eins pe a he rara are Wienke oe dha plese s 836 
Land opened vimnuminandties 5 ee chs wee Chk ns Uh ones 108 











Pies Sita nae ti hat ck 
= Se Mee OL Te 


548 





WATER SUPPLY. OF SOUTHEASTERN MASSACHUSETTS. 


The assessed valuation of the buildings and land privately. owned and 
included in the foregoing table is estimated as follows: 





MPR is oes OSE ag ee eu Aan os ee ers oo we En ee $385 000 
I i os oka a oN REE DN EOS LS TE 304 000 
CONIC chad cde Gases UNC BAR CERRO ES RES ee eS ee ee $689 000 


These large natural reservoirs, lying at the doors of the principal 
municipalities in southeastern Massachusetts, are a greatadvantage to these 
cities and towns when the cost of artificial storage in this region is taken 
into consideration. The cost of construction of suitable artificial reser- 
voirs for these cities would be great and the further cost of improving the 
quality of their waters sufficiently to equal that obtainable at present from 
the Lakeville Ponds would require a very large outlay either for the prepara- 
tion of the reservoir site or for purification works, together with the cost 
of operation and maintenance. Moreover, in order to secure a quantity 
of water equal to the yield of the Lakeville Ponds and their tributaries it 
would be necesary, in all probability, especially if each city should under- 
take the development of independent supplies, to develop and use two or 
more watersheds for the purpose. 

On the other hand, the Lakeville Ponds, the largest natural ponds in 
the State, are reservoirs of very large capacity, already in existence, well 
adapted for the purpose, and requiring no costly dams or other works to 
make them available for water supply uses beyond a regulating weir at 
the outlet of Assawompsett Pond. An idea of what it might cost these 
cities to construct reservoirs of similar size may be gathered from a con- 
sideration of the cost of some of the artificial reservoirs in the State 
which furnish water of similar quality. The Sudbury Reservoir, which 
holds about half the aggregate amount of water contained in Assawompsett, 
Long and Pocksha Ponds, cost, exclusive of water damages and of the cost 
of works for protecting the quality of the water, $2 923 152.96 or about 
$403 per million gallons. If reservoirs of equal size had to be constructed 
artificially for the water supplies of Taunton, Fall River and New Bedford, 
the cost at the same rate would be from 5 to 6 million dollars. If the cost 
were no greater proportionately than that of the Borden Brook Reservoir 
of the city of Springfield, constructed under more favorable conditions 
than are found in southeastern Massachusetts, the construction of reser- 
voirs of the size of the Lakeville Ponds would cost $1 250 000 even at 
pre-war prices; but the water of Borden Brook Reservoir is subsequently 
filtered. 

In the presence of these great natural ponds, available for water supply 
uses in their immediate neighborhood, the cities of southeastern Massa- 
chusetts are favored above other cities of the State. If these cities can 
secure united action they can obtain the right to use the Lakeville Ponds 
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as their future sources of water supply. By uniting in securing and pro- 
tecting these lakes they will obtain storage reservoirs of great size, requiring 
no outlay for construction, which lie close to their doors and which with 
comparatively little outlay will furnish unpolluted water of excellent 
quality for the use of their inhabitants for a very long time in the future 
without treatment of any kind. That so remarkable an opportunity will 
be neglected through mutual distrust or differences as to minor matters of 
detail such as methods of procedure, or of control or operation of the 
works is, of course, not to be thought of; but failure to grasp this great 
opportunity in season and to make this water supply available to the cities 
in the most reasonable and practicable way may result in a serious increase 
in the cost of the project and perhaps in preventing their development in 
such a way as to secure the most satisfactory water supply obtainable 
from these sources. 
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THE WATER SUPPLY OF FALL RIVER. 


BY H. K. BARROWS.* 


[September 14, 1922.] 


Seven years ago, in September, 1915; the writer presented a paper at 
the Annual Convention of this Association entitled “Improvements to 
the Water Supply of the City of Fall River.’’ At that time most of the 
improvements described were still in process of construction. The purpose 
of this paper is to complete the description of these works and describe 
some of the further projects, particularly for additional water supply, 
which have been studied since that time and are now nearly at the con- 
struction stage. Many of the mills in Fall River utilize the waters of 
Quequechan River, supplied from the South Watuppa Pond, and as the 
problems involved in assuring an ample water supply for these mills are 
closely connected with those of the municipal water supply, this paper will 
include a description of the plans for the improvement of the Quequechan 
River. 

As described in the previous paper, the history of the municipal water 
supply of Fall River has been most interesting and has involved some 
perplexing questions considered at much length and over many years in 
the courts. Following is a brief summary of legislation, decisions, etc., 
as described in the previous paper, bringing matters up to about 1913. 


Nortu Watuppa Ponp — SumMMARY OF LEGISLATION, ETC., TO 1913. 


1874, Water Act authorizing use of 1 500 000 gal. per day by city. 

1880. Suit by Watuppa Reservoir Co. for damages under Act of 1874. Company 
awarded $70 000. 

1886. Act authorizing 1 500 000 gal. per day additional use of water by city. 

1888. Suit of Watuppa Reservoir Co. for additional damages not sustained. Chief 


Justice Morton held that “State had right to use the waters of the great ponds, 
etc., without compensation.” 

1891. Supreme Court reversed decision of 1888 because Watuppa Reservoir Co. were 
successors in title to grantees of Plymouth Colony. 


1892. Agreement made by city and Watuppa Reservoir Co. whereby Company can 
use unlimited water to 40 in. below full pond. City can use water for water 
supply, but does not control storage. 

1895. Watuppa Reservoir Commission established by city, to control and protect its 
water supply. 





* Consulting Engineer, Boston, Massachusetts. 
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1897. City took by condemnation entire North Pond to “preserve and protect water 
supply” — but in accordance with agreement of 1892. 


1907. Regulations protecting North Pond made by State Board of Health. 


1909. Act authorizing city to borrow money for construction of works and protection 
of water supply. Jntercepting drain built under this act, (in 1915). 


The most important work under construction for the improvement of 
the water supply in 1915 was that of the intercepting drain on the west 
shore of. North Watuppa Pond, built for the purpose of preventing drainage 
from various populated districts entering the North Pond. Details of the 
different sections of this drain are presented in the previous paper, the 
entire length being about 14 000 ft., mostly of reinforced concrete, open 
section, varying in width from 6 to 10 ft. 

The contract for this work was let early in 1915 and the work completed 
by about September 1, 1915, the total construction cost approximating 
about $190 000. Some of the more interesting details of cost are appended 
to this paper. 

This intercepting drain was put in commission in January, 1916 and ~ 
has been in use since that time. It was an excellent piece of construction 
work and the lapse of some seven years shows the concrete in practically 
as good condition as whep built. (See Figs. 1-4 inclusive.) 

As a considerable part of this drain is open section, whereby a very 
substantial saving in first cost resulted, it has required some annual cost of 
maintenance to clear out stones and debris, and occasionally some ice, 
always likely to accumulate in a structure of this kind. This has cost about 
$100 annually, as an average cost for the first five years. 

Another feature which has been of interest in the operation of this 
drain is that of ice effect. The winters of 1918 and 1920 were unusually 
severe, resulting in solid ice of considerable thickness forming in the open 
section of the drain. Careful watch was kept of this situation, particularly 
in 1918, to prevent any possible ice jams and overflow of the drain, but 
in both 1918 and 1920 the thick ice which formed gradually softened and 
went out in the early spring without bad effect. 

The sanitary results obtained by the operation of this intercepting 
drain have been excellent, as shown by the following table, giving the 
results of bacteriological examinations before and after its construction. 
The marked pollution of the waters of Highland, Terry and Cress Brooks, 
all diverted by the drain, is apparent, as is also the effect of this pollution 
upon the quality of water at the water-works intake, before the drain 
was built. 

King Philip and Blossom Brooks lie on the easterly side of the pond 
and still contain considerable areas not yet acquired by the City and which 
eventually must be taken. 

' Nat and Ralph Brooks are badly polluted and must be diverted to 
the South Pond as further noted. 
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Fig. 1 — Junction or 10 Fr. Open anp CLOSED Sections. Fart River 
INTERCEPTING Drain — Ocrtoser, 1915. 


’ 





Fig. 2— HiGgHLAND Brook Intake. Fatt River Intercertinc DraiIn— 
Avevust, 1915. 
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Fic. 3. — AUXILIARY PuMPING STATION AND INTAKE, ALSO 10 Fr. OPEN SECTION 
or INTERCEPTING Drain — NOVEMBER, 1921. 





Fic. 4. —8 Fr. Open Section or INTERcEPTING .Diatn — NOVEMBER, 1921. 
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Nortu Watuppa Ponp — BacTERIOLOGICAL EXAMINATIONS OF WATER BY CITY 
DEPARTMENT OF HEALTH — Dr. J. H. Wausn, BACTERIOLOGIST. 


Before 1915, (construction of Intercepting Drain). 





Reasonably remel 
Excellent. Good. Doubtful. Doobeal 
Intake at Pumping Station .......... 37% 47% 11% 5% 
Hinhiand Prodi igs 0 7 50 43 
PUREE ON Cre ce Scape 0 8 42 50 
LOGE TIONG oo soso oo ee 0 0 41 59 
King Pinkp Brook. 2.5. -..2. 525.028. pf Siphon 56 13 4 
TOMO TRON oS Ee re oe 20 62 18 0 
Relpseee aoe eS 0 19 63 18 
Wat See es emo rk ase Sa ew 0 0 40 60 
During 1920 
Reasonably Extremel 
Excellent. Good. Doubtful. Doubtfal 
Intake at Pumping Station .......... 76% 24% 0% 0% 
Highland Brook 
Vert tee ss oe ce ree ce Water diverted to South Pond 
Cress Brook 
King Philip Brook ................. 40% 43% 9% 8% 
PE cs ee 13 51 23 13 
TRAN RODE EE eh Ay bes he 11 35 31 23 
DEN SOO cn oc nas beatae Ces 0 23 40 37 


Note: — Percentage is of number of samples examined. 
Classification as follows: — 
Excellent — No Colon in 10 c. ec. 
Reasonably good — Colon in 10 c. ¢. and not in 1c. ¢. 
Doubtful — Colon in 1 ¢. ¢. 
Extremely doubtful — Colon in 1/10 c. c. and less. 


The construction of this intercepting drain was following the policy 
of the Fall River Reservoir Commission (consisting of the Watuppa Water 
Board, acting with the Mayor and City Engineer), which has been to 
either acquire all land within the drainage area of North Watuppa Pond or, 
where the conditions of growth and population made this too expensive, 
to divert these waters to South Watuppa Pond, where they would still be 
useful for mill water-supply purposes. (See Fig. 5.) In carrying out 
this policy some 3300 acres of land around the South Pond has been 
purchased by the city at a cost in excess of $300 000 as well as the construc- 
tion of the intercepting drain just described. 

There still remains an area of a little over half a square mile consti- 
tuting a portion of the village of North Westport on the southeasterly 
shore of the pond, and included in portions of the drainage areas of Nat 
and Ralph Brooks, which must be diverted to the South Watuppa Pond. 
Surveys and plans for this work were made during 1915-17 and this project 
is now ready for construction. It involves the construction of an earth 
fill dam about 1 600 ft. long and 12 ft. high, with a cut off of sheet piling, 
across the inlet of the pond in this vicinity, with a 48-in. outlet conduit 
to South Watuppa Pond about 225 ft. long. The waters of a consid- 
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erable portion of Ralph Brook will be brought by means of a 45-in 
concrete conduit, about 2 700 ft. long, to the pond back of this diversion 
dam and also discharged into the South Watuppa Pond. . The’ total 





SCALE OF MILES 
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DRAINAGE AREA 


Jan. 1, 1922 
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estimated construction cost of this work based on approximate normal 
costs, is about $75 000. At present this cost would probably exceed 
$100 000. The sanitary conditions on portions of Nat and Ralph Brooks 
are bad, as will be noted by the data in the previous table, although 
the entrance of these brooks is at a very considerable distance from the 
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water-works intake. The construction of this project will therefore proceed 
as soon as costs become somewhat further stabilized. & 

The other several improvements under way in 1915, which included 
(1) a 7 million gal. Platt high duty pump at the main pumping station, 
(2) an auxiliary pumping station with an 8 million gal. motor operated cen- 
trifugal pump, (See Fig. 3.) (3) a 36-in. force main from the pumping 
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Fia. 6. — YIELD oF NortH WatTuppPa Ponp. 


station at Eastern Ave. (a distance of about 3 400 ft.) have all been carried 
out, at a total cost in the vicinity of $100 000. In 1918 the main pumping 
station was fireproofed by constructing a new steel and concrete floor 
finished with tile and building brick walls faced with white enamel brick 
for a height of 10 or 12 ft. The plastering above this level, as well as the 
interior of the station generally, was also renovated and painted, the total 
cost of the work aggregating about $10 000. The roof was also re-slated, 
at a cost of about $3 200, so that the main building, built in 1873, is now in 
excellent condition. 
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During the period of the war of course only necessary construction 
was carried on, practically that just described, with some necessary pipe 
extensions, but since 1916 a careful and thorough investigation has been 
made of the question of additional water supply. 

The drainage area of North Watuppa Pond when the Nat and Ralph 
Brook diversions are completed will total 8.54 sq. mi. of which 2.82 sq. 
mi. or about 33 per cent., (an unusually large proportion, resulting in large 
evaporation losses) consists of the area of the pond at high water level. 
Careful studies of the safe yield of the pond have been made, the results 
of some of these studies being shown on the accompanying diagram. (See 
Fig. 6.) Approximate records of the yield of the pond have been kept, 
more or less completely, from 1899 to the present time. For the years 
1899 to 1901, inclusive, accurate measurements by means of a weir were 
made of water passing the Narrows, that is, from-the North to the South 
Pond, and accurate pumping records of water used by the city have been 
kept over the entire period. Since 1911 the discharge at the Narrows 
has been measured fairly accurately by means of frequent current meter 
measurements made under the direction of the City Engineer. For the ~ 
period 1902-1910, inclusive, records of the height of the pond and of the 
gate conditions at the Narrows have been kept, which serve as a basis for 
a rough estimate of discharge. Unfortunately the dry period of 1908-1912 
is thus covered chiefly by the poorer records, making the determination 
of safe yield from these records somewhat questionable. On the diagram 
(Fig. 6) the safe yield of the pond based upon these records is shown for 
different amounts of storage utiiized. Similar curves are shown based 
on the yield of the Wachusett Reservoir and that for the Sudbury River 
from 1908 to 1912. In this connection note that the average rainfall at 
Fall River is in the vicinity of 44 in., while that for the Wachusett Basin is 
about 45.3 in. and that for the Sudbury 44.6 in. The available storage 
capacity of the North Pond in the first 5 ft. of draft, as will be noted, is 
about 2 800million gallons or some 330 million gallons per sq. mi. of drainage 
area, and keeping in mind the formof these curves, the increase in safe yield 
obtained by further-pulling down the pond issmall. Taking into account 
the present limitations in draft due to the elevation of intakes at the pump- 
ing stations, as well as the undesirablility of exposing large areas of muddy 
shores in certain parts of the pond it does not appear desirable to count on 
more than 5 ft. or 6 ft. at the most, of depth, for which amount of storage 
the safe yield of the pond is between 6.5 and 7 million gallons per day. 

The consumption of water by the city is shown on Fig. 7 and, as will 
be noted, for the year 1921 this consumption reached an amount of 7 million 
gallons per day, or just about the safe yield of the pond, so that the necessity 
of providing an additional supply is apparent. In 1916, a Water Act was 
obtained by the city which gave it authority to make investigations and 
to use as a water supply any water source within the limits of Fall River 
and also that of Mill Brook in the town of Freetown, this being along 











558 THE WATER SUPPLY OF FALL RIVER. 


lines suggested by the State Department of Health in reports .prior to 
that time. Under this Act, surveys and investigations were made during 
1916, covering possible sources and including, in addition to Mill Brook, 
which lies northerly from North Watuppa Pond, the possible use of Bread 


Safe Yield - 7 #ill.gals.g.4 / 





Fie. 7. 


and Cheese Brook, a small stream lying easterly from the pond, and Copecut 
River lying northeasterly — all of which could be adapted to provide a 
further supply which would flow by gravity into North Watuppa Pond. 
The preliminary results of these investigations are given in the accom- 
panying table: 


COMPARISON OF PROJECTS FOR ADDITIONAL WATER SUPPLY. * 


Progect AND DRAINAGE AREA. 
Item. 


Mill. _ Bread and Cheese —_ Upper Copecst 
(3.35 Sq. Mi.). (2.65 Sq. Mi.). (3.13 Sq. Mi.). 
Cost (not including water rights) ..... $438 100 $491 000 $751 900 
Safe yield (mil. gal. per day) ........ 2.90 2.40 2.30 
Cost per mil. gal. (per day safe yield) $151 000 $204 000 $327 000 


In conjunction with full use of North 
Pond would give city a safe supply 
SG Eat nn A Rs oar ea 1938 1935 1934 





* Report of November 17, 1916 — H.K.B. 
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The results shown therefore led to the making of test borings at the Mill 
Brook dam site and a more accurate determination of the cost of this 
project during the first half of 1917. The results of these further investi- 
gations indicated that the preliminary figures of cost were ample and that 
the construction cost of the Mill Brook project should not exceed about 
$375 000 on the basis of approximate normal costs, not including the cost 
of any water rights, the latter chiefly comprising use of water at the Crystal 
Spring Bleachery in the town of Assonet. 

Before the completion of these investigations the State Department 
of Health advised the consideration of a supply of water from Long Pond 
lying some ten miles east of the city and a careful investigation was also 
made of the use of this pond, including a pumping station and pipe line to 
North Watuppa Pond. This project proved to be much greater in first 
cost than the Mill Brook, owing largely to the necessary takings of land 
and buildings around Long Pond. Furthermore, the proportionate cost 
was greater than for the Mill Brook supply, viz. per million gallons and 
daily capacity, as indicated by the following cost estimates: 


EstimaTEep Cost or 3 MILLION GALLONS PER Day WATER SupPLy From LONG Ponp. 


(Based upon normal cost conditions.) 





FA TN ee icy ae Be ear Gg eee a ere Mha ee Sta oe ee alas $250 000 
Intake, Pumping Station, Equipment, ete. .....................2-2000- 40 000 
Coat CE Pn aay Ce TEE ie ee 240 000 

RORGE AOR 655i eS arn ss terete hn Pe Ga tains a BERS gitar Seas $530 000 


(exclusive of land and water rights or control works) 


The State Department of Health, however, took the attitude that it was 
time to begin the development of the larger supply in the Lakeville Ponds 
and did not approve the further consideration of the Mill Brook supply. 
They further recommended that full control of the North Watuppa 
Pond be obtained by the city before any further action was taken toward 
obtaining an additional supply. 

As explained in the paper of 1915, the North Watuppa Pond is not a 
“Great Pond” legally, as the suit of 1891 established that the Watuppa 
Reservoir Company, an association of various mills along Quequechan 
River, were successors in title to grantees of Plymouth Colony, to whom 
the land under and on both sides of the outlet of the pond was conveyed on 
March 5, 1680, to Church, Gray and others for £1100. This grant, known 
as the Pocasset Grant, included all of the South Pond and about half of 
the North Pond. Since 1892 the city has been working under an agree- 
ment with the mills whereby it can use an unlimited amount of water 
from the North Pond for purposes of municipal water supply, but, on 
the other hand, the mills can also make use of this water without restric- 
tion down to a level of about 40 in. below full pond. One of the other 
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terms of this agreement is the so-called ‘‘ Tax Rebate,’’ whereby taxes on 
the water power of these mills are rebated by the city— this amounting 
to some $6 000 or $7 000 per year, depending on the tax rate. Under this 
agreement of 1892 it is obvious that the city had only partial control . 
of the storage of water in the North Pond. Consequently for the last 
few years it has escaped a shortage of water only by good luck. 

The Water Act of 1916 provided for the taking of the North Pond 
rights by condemnation, if necessary. It was felt, however, that a settle- 
ment might be effected by agreement, and negotiations were accordingly 
carried on during the years 1919 and 1920, finally resulting in an agreement 
between the mills and the city which was accepted by the City Council in 
March, 1920. This agreement provided, in brief, that the agreement of 
1892 with the mills be terminated and that the city should have full control 
and rights in the North Watuppa Pond upon payment to the Watuppa 
Reservoir Company of the sum of $75 000, and further provided that the 
operation of the Quequechan River improvement whereby the water supply 
of the South Pond would be better conserved for the use of the mills, should 
also be carried out. 

The improvement of the Quequechan River is a project which has been 
before the city for many years. While the mills have had the control 
of the South Watuppa Pond, no attempt has been made to adequately 
utilize its storage capacity, with the result that at various times within 
the last dozen years the waters of the Quequechan River have become so 
low that not only has the river itself been most unsightly, but the mills 
have in many cases had to shut down for lack of water to operate them. 

These constantly recurring conditions becoming well-nigh intolerable 
finally resulted in legislation and general investigation of the matter of 
improving Quequechan River, for which plans were submitted in 1915 to 
the City Council, providing, in brief, for the filling in of the river channel 
and flats and the handling of the river water in a three level reinforced 
concrete conduit in addition to a general system of sewers and drains for 
the district. This scheme of improvement involved so great a cost, however, 
(about $3 000 000 in first cost) that the plans were not accepted by the 
City Council and in 1916 a new Quequechan River Commission was 
created and plans prepared on a more economical basis. In brief, these 
provided for retaining the greater portion of the present river basin and 
dredging it to greater depth, as well as a district sewer system, while the 
storage capacity of the South Watuppa Pond is to be utilized by a dam and 
pumping station at the Sand Bar at the outlet of the pond. The first cost 
of this scheme as first proposed approximated $800 000 (on the basis of 
normal costs), which was increased to a little under $1 000 000 to meet 
certain requirements of the State Department of Health. 

Plans for this work were accepted by the City Council as a part of the 
agreement of 1920 between the city and the mills, this agreement providing 
that the Sand Bar Dam and pumping station for the control of the waters 
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of the South Pond should be built and put in operation as one of the 
stipulations relative to the taking of the North Pond. The City Council 
authorized a bond issue of $200 000 in 1920 to begin this work, as well as 
$75 000 to pay for the North Pond water rights, with the idea of promptly 
carrying out the terms of this agreement with the mills. Contract plans 
for the Sand Bar Dam and pumping station were completed in 1920 and 
bids received for this work in December of that year. Opposition from 
certain mill interests on South Watuppa Pond toward the carrying out of 
this project developed early in 1921, with the result that no progress was 
made during that year. 

During the winter of 1921-22 additional legislation transferred the 
duties of the Quequechan River Commission to the Watuppa Reservoir 
Commission in order that this work may be promptly carried out and the 
full control of the North Watuppa Pond obtained by the city, as well as 
an adequate water supply provided for the mills, and the Reservoir 
Commission now has these matters in hand. 

During 1920-21 the State Department of Health made a general 
investigation todetermine the best method for the joint use of the Lakeville” 
Ponds (a group of large ponds lying some 10 miles northeast of Fall River 
and including Long Pond, already mentioned) by the.towns and cities in 
that vicinity, reporting on this matter to the Legislature in January, 1922. 
In brief, this report stated, ‘“That the improvement and protection of these 
great natural reservoirs can best be secured by united action of the munici- 
palities interested, the cost to be divided proportionately among those 
interested. This purpose could be effectively carried out, no doubt, by 
the creation of a water-supply district in this part of the State to include 
the cities of Fall River, New Bedford and Taunton, and such of the towns 
in the vicinity of these cities or in the vicinity of the Lakeville Ponds as 
may desire to join. This would involve the creation of a commission 
composed of members clothed with sufficient authority for the purpose 
under a legislative act following the general method adopted at the time 
of the creation of the Metropolitan Water District. Each municipality 
would still maintain under such a plan its own individual water system, 
as is the case in the Metropolitan Water District. To the commission 
would be left all questions relating to securing, protecting and developing 
to their full extent the water supplies in these ponds. The commission 
should be authorized to acquire lands within the watersheds and construct 
and maintain necessary dams and other appurtenances, together with all 
drainage works needed for the improvement and maintenance of the water 
in the ponds, in the best condition. They should also have control of the 
enforcement of rules for the sanitary protection of the water and the 
policing of the watersheds and ponds and the location of al. intakes or 
connections with the ponds.” 

As part of this report, legislation was recommended and given long 
and serious consideration by the legislative Water Supply Committee and 
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the various cities and towns interested in the matter. Fall River joined 
in urging this measure as first presented, which contemplated the utilization 
of the entire group of ponds under the control of such a Water District. 

At the present time New Bedford utilizes two of the ponds, viz. 
Great and Little Quittacas Ponds, for its water supply, including a drainage 
area of about 13 sq. mi. out of a total of some 48 sq. mi. for the entire 
group of ponds. Taunton, with a pumping station on Assawompsett 
Pond, uses a relatively small amount of the yield of that pond. 

In the course of the hearings before the Water Supply Committee it 
developed that New Bedford did not wish to have the portion of these 
ponds, viz. Great and Little Quittacas, now controlled by it included in the 
Water District, and as this involved a much less satisfactory use of the pond 
system as a whole, as well as materially greater cost to the city of Fall 
River, the latter has opposed any such sub-division of this pond system. 

Essentials regarding area, capacity and the probable safe yield of the 
Lakeville Pond system appear in the following table taken from the report 
by the writer on Additional Water Supply for Fall River, dated July 
14, 1917: — 


PROBABLE SAFE YIELD OF LAKEVILLE PONDS 








| | Srorace Capacity 


Sare YIELD. 

















Pond Drainage | ~~ —— ASSUMED. 
ee tees | son uti and Seis Mil. Gale. Mil. Gals.| Total 
Area. aie Area. Per Day (|Mil. Gals. 
| Total. Per Sq. Mi. |Per Sq. Mi.| Per Day. 
Long Pond raised 2 ft.| 22.3 13.5 3 100 140 0.63 14.0 
El. 49-54 
Assawompsett Pond ..| 12.8 33.5 4 300 335 0.68 8.7 
Quittacas Ponds ..... 12.8 17.5 3 200 250 0.74 9.5 
Snipatuit Pond ...... 6.8 17.5 1 250 184 0.68 4.6 
Total, not including 
Suigeei 6 47.9 23 10 600 223 0.68 32.2 
Total, including Snip- 
OT RE FEE OS AE NS 54.7 23 11 850 250 0.68 36.8 


























In the foregoing table draft to a depth of 5 ft. was assumed for all but 
the Quittacas Ponds, which were assumed at 7 ft. An additional 2 ft. on 
top of Long Pond (or a draft from El. 49 to El. 56) would add about 1 500 
million gallons of storage capacity, making a total safe yield of about 35 
million gallons per day, based upon the yield of the Sudbury River 1879-84, 
which stream shows about the same yield as the Lakeville Ponds, according 
to measurements of flow from the latter made by the late Freeman C. 
Coffin, from December, 1894 to November, 1897. 
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The report by the State Department of Health of January, 1922 
(p. 228) gives the total storage capacity at about 21.3 billion gallons, which 
evidently corresponds to a much greater draft upon all the ponds. The 
conclusion in regard to safe yield of 42 million gallons in this report appears 
reasonable, however, in view of storage possibilities. 

Reference to the foregoing table indicates that nearly half of the 
yield of this pond system comes from Long Pond and its drainage area. 
The waters of Long Pond and its tributary streams are, however, relatively 
high in color and must be stored for a very considerable period of time in 
the lake system to be desirable for use. The manner in which New Bedford 
has developed its supply is indicative of the best use of this pond system, 
and the fuller development of the system by cities lying southerly, like 
New Bedford and Fall River, would naturally be by taking water from 
Little Quittacas Pond, just as New Bedford has done, thus providing that 
the highly colored waters of Long Pond before use must travel many 
miles around and through Assawompsett Pond, thus lowering the color 
content to a small amount. é 

The manner is which Fall River has planned to utilize the Lakeville 
Ponds as an additional supply is shown on the accompanying map, (Fig. 8), 
and includes a pumping station on Little Quittacas Pond, with pipe line 
leading to a large distribution reservoir on Copecut Hill, a couple of miles 
easterly from North Watuppa Pond. Further details of this proposed 
reservoir will be given later. As a part of the additional water supply 
system, it will provide a means for the use of the Lakeville Ponds water 
by one pumping, as the new reservoir will be somewhat higher in level 
than the present tanks or standpipes in the city. Any method of using 
the waters of Long Pond directly by pumping them into North Watuppa 
Pond and storing them there to lower the color content would involve 
pumping water over the divide in the general vicinity of Mill Brook, a 
total of about 150 ft. and then a repumping later at the main pumping 
station on North Watuppa Pond. 

It would be possible for Fall River to locate its pumping station on 
Assawompsett Pond and obtain there water of suitable color content. 
It is obvious, however, that this would involve some three miles additional 
length of pipe line, at greater first cost, as well as increased cost of main- 
tenance and pumping, without any corresponding benefit to any one. 
Furthermore, to get the best results from storage operation, of increasing 
importance as the water demands of this district grow, these ponds should 
be dealt with as a unit. 

New Bedford has shown great foresight in planning its water supply 
from the Quittacas Ponds and should be fully compensated for what she 
has already done in dedicating a considerable part of this pond system to 
municipal water supply use. The consumption of water in New Bedford 
is rapidly increasing, however, being now in the vicinity of 10 million 
gallons per day, or not far from the safe yield of the two Quittacas Ponds. 
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The city must therefore soon take additional water from the pond system 
and is therefore vitally interested in the adequate control of all these ponds 
under a water district. 

Legislation is still pending upon this important matter and it is the 
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hope of Fall River that, if possible, the full and comprehensive use of this 
pond system may be reached. 

Legislation was obtained during the winter of 1921-22 covering the 
matter of Copecut Hill Reservoir, as well as necessary pipe line connection 
with the city from this reservoir, and plans are now being prepared for this 
work. At the present time test pits are being dug at different sites on the 
hill and information obtained to use as a guide in determining the best 














he 
on 
his 


est 








BARROWS. 565 


method of construction of a reservoir and its probable cost. A large 
reservoir holding from a week to ten day’s supply of water is contemplated 
at an elevation somewhat in excess of the level of the present tanks or 
standpipes, viz. El. 305. As far as the investigations have proceeded 
it appears that a reservoir can be obtained at a level as high as El. 340, 
if desired, and that this will probably be of earth embankment type, 
constructed partly in excavation, partly in fill, with concrete lining. 

The construction of an adequate distribution reservoir has been under 
consideration for many years, as the combined capacity of the four present 
tanks is only about five million gallons or less than a day’s average use of 
water. There is no available site for such a reservoir within city limits 
— the highest points reaching only about to El. 260. Copecut Hill is 
at a considerable distance from the city and will hence require a large 
expense for connecting pipe mains. On the other hand, certain districts 
of the city, at about El. 200 or above, where pressures at present are low 
and unsatisfactory, will be materially and directly benefited by these pipe 
lines. Furthermore, a reservoir on Copecut Hill fits admirably into the . 
proposed Lakeville Ponds additional supply, by saving an extra pumping 
of water as already noted. 

The cost of the Lakeville additional supply and the Copecut Hill 
Reservoir and its connectionswill probably be in the vicinity of $2 000 000, 
of which approximately $1 500 000 represents the cost of the reservoir and 
its connections, etc., and the remaining $500 000 the cost of pumping 
station, pipe line, etc., from Little Quittacas Pond. (If the latter pond is 
not available, the cost will be mater ally increased.) Added to this cost 
will be the proportion which Fall River must pay for the joint use of the 
Lakeville Ponds with other municipalities, which will add a considerable 
further amount to the cost of this project. 

It is likely that the complete program of additional water supply for 
Fall River may involve an expenditure of as much as $2 500000. While 
this at first glance appears to be a large amount, when compared with the 
cost of such projects in other cities it is seen to be reasonable. It is, in 
fact, just about what the New Bedford supply from Quittacas Ponds has 
cost, including the High Hill Reservoir and its connections with the city. 
The city of Providence (approx:mately double the size of Fall River) is 
spending in excess of $10 000 000 for its new water supply, the contract 
for the main dam alone at the new Scituate Reservoir totalling about 
$3 500 000. 

The cities of Fall River, New Bedford and Taunton and neighboring 
towns are indeed fortunate in being located near such a large supply of 
good water as is afforded by the Lakeville Ponds system, which will provide 
for their water supply needs for many years, if properly conserved and 
controlled. Contrast with this the situation with the cities of Lawrence, 
Haverhill, etc., in the Merrimac Valley, now being studied by the State 
Department of Health, where additional water supply needs are already 
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urgent and the difficulties of meeting these adequately are very con- 
siderable. 

In carrying out the work described at Fall River up to 1917 Mr. Arthur 
L. Shaw was Resident Engineer, to whom much credit is due for the results 
achieved — particularly in the construction of the intercepting drain. 
The success of this latter piece of work was also largely due to excellent 
construction on the part of the contractor, the Hanscom Construction Co. 
of Boston, who, at some loss, executed this work in a first-class manner. 
Since 1917 Mr. John Brown has been Resident Engineer in direct charge 
of both the water supply and river improvement work. The writer has 
acted as Consulting Engineer for the Watuppa Reservoir Commission since 
1914 and for the Quequechan River Improvement since 1916. 


Fatt River INTERCEPTING DraIn— Cost Data 1915-16. 


Cost PER LINEAR FEET FOR DIFFERENT SECTIONS OF DIAMETER. 


6 ft. open section (1470 lin. ft.) 


NOMI 6 ere ta iar ne ca di 0.427 cu.yd. @ $9.50 = $4.06 
Pemiorcend Steel 6. 6c. Os ek ee ce 40.64 Ib. @. 0.023 = 0.95 
EGE aS UMS ars CaP 2.7. cuyd. @ O85. = 2.30 
MN i eee STs chs te cyesg wy SO eT Boe ate bee Waar $7.31 
8 ft. open section (2600 lin. ft.) 
NR sg oi ate hays ec icc hohe 0.458 cu.yd. @ $9.50 = $4.35 
TIRIMODOME SOOO 5 sso es se 55.31 Ib. @  0:023 =. 1.29 
Excavation ..... SS hee Sa Ce arcane 4.1. om. yd: -@ 0.85" = 3:4 
RS ge Ny es ign ns iy << kp ietig ab pin oag C gip tare axis bene eal eek a $9.13 
10 ft. open section (5608 lin. ft.) 
Ree tees Soca) ieee 0.505 cu.yd. @ $9.50 = $4.80 
Remforced steel................5. 59.50 Ib. @ 0.0233 = 1.39 
ORUBRI oe ae ht ce eas 6.4. cu.yd. @ 0:85 = - 4:60 
OMB ee oians ahs Se se atone syne te wk les See ce Se ais oe $10.79 
6 ft. covered section (154 lin. ft.) 
RRM gy 0.536 cu.yd. @ $9.50 = $5.10 
Mem OMed BLAE! s. oO 72.46 Ib. @ 0.023 = 1.70 
ESS ESE eee Rhy ely: 1:5 eucyds @: 0.85: =. - 1.27 
(Rae ae ea gta rtp So apeaEN PRCTRb ET Pena me LETS HGH (SSO Fae $8 .07 
10 ft. covered section (2312 lin. ft.) 

NOD ig ee oi Ca veo 1.00 cu.yd. @ $9.50 = $9.50 
Reinforced steel .................. 145.41 Ib. @ 0.023... = .. 3A 
NSS Ses ter escent 3.7: 0. ya. 0.35). = Oe 
$16.05 


In the foregoing tabulation costs as given are approximate actual costs, 
not contract prices. Unit costs are, however, for the work as a whole and 
are not available in segregated form for the various individual sections of 
drain. Rock excavation is not included. 
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The unit cost of concrete (7 618 cu. yd.) was made up as follows: 





Labor, teaxoinm. maeuranve, eb: 25 22.656 ee ae reek $4.27 
Machinery, power and general .... 2.2.06 eae ee 0.93 
Lemme S08 Qamton ORG 2 0565s a Fe a Ge te OSs Ride es Ree 0.25 
Sand, GOG0 dod Stone, SUS0 i ee eee 2.05 
CRI aS a are ig vin dpe Bead WE rala aiary a eiekce 2.00 

tS ABSRAS Pai eR at genta oat aa gasps Sen Py Tce EES eg Sea $9.50 


per cu. yd. 


The cost of forms (in place and removed) — made of wood, for a total 


area of about 280,000 sq. ft. was about eight cents per sq. foot. 


The unit cost of earth excavation (58,500 cu. yd.), including refill, was 


as follows: — 





Claamian Wal DUNN oe Seo ca Ve Re Or weeeen $0.02 
Stripping and stating inemk 65 Se es Cae oe 0.17 
EXxenvedatigt: GUNG GAPUR: 2361250 5 oa 1 eg Ss Le eo os 0.47 
Pa ON rn SNe ee ee Ce ee ee nd ee ek 0.16 
Machinery, pumps and miscellaneous .....................--. 0.03 

OPN 5 econ ne ee ee gs AGE See ee es oa $0.85 


per cu. yd. 


Rock excavation, not included in the costs previously given for different 
sections of the drain, totalled about 6700 cu. yd. for the total length of 
concrete section of about 12,144 ft., or just about 10 per cent. of the total 
excavation. Of this rock practically one-third was boulders of one-half 


cu. yd. or more, the remainder ledge. 


The cost of rock excavation was about $19 500, which averages $1.60 


per linear foot of drain and about $2.90 per cu. yd. 
Base costs for labor and material were: 


Ondinamy Damian iyi oioe wee see eee a Se ew ee Was theo $1.80 per day of 9 hours 
Single teakhe aul Geivet: 22556 Si ks co ee ree nee EAS Os 
Double teaima atid Graver = ois SS os Ca ae ee DD + ies taeda are” Gch 
Cement 0 Gis Cary eg CFeR 2 ec A eR ae $1.20 per bbl. 

ean REIS ca tices Gees. Rid side Sious He le Say odes ee | SRL eB 
Ce NE es Fe a Sy a Re ee Ga 1.58  “ cu. yd. 
DIOR 555 CEN SU, fan PUR Phe bea he cuaees 0.20 “ Ib. 

ReiMONOR BORON 55 ooo Be Ok aa Seas Ss 0.023 “ Ib. 
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DISCUSSION. 


Mr. Francis T. Kemsie.* I would like to inquire what they are 
doing at the present time in connection with taking care of drainage 
from those cottages which are shown along the banks in two instances, I 
think. 

Mr. GoopnovucH. All of these watersheds are under the control of 
the local authorities. They are protected by rules and regulations which 
are enforced by the Water Boards in each case. They are cared for very 
carefully as far as my knowledge goes, in both watersheds. There is nothing 
around the New Bedford supply to do harm in any ease, and in Taunton 
I think the rules are carried out very strictly. 

Mr. Kemsuie. Are there any cesspools? 

Mr. GoopnoveH. The regulations call for no cesspools within 50 ft. 
of the water, or within 50 ft. of any water course. 

Mr. Rosert 8. Weston.f Do those regulations apply to Long Pond 
as well as to Assawompsett? 

Mr. GoopnovueH. No, they do not. We can’t even stop bathing 
in Long Pond. I think that it depends on the judge before whom bathers 
are taken. 

Mr. Weston. What are the relative elevations of High Hill Reser- 
voir and the proposed Copecut Reservoir? 

Mr. GoopnoveH. Copecut Reservoir is a great deal higher than 
High Hill. 

Mr. Cates M. Savite.f I have been very much interested in both 
of these descriptions of water supplies, particularly in the data which 
Mr. Goodnough has so well brought forward with regard to the growth of 
the population. It seems to me that this is a matter of considerable 
importance because of its bearing in making up estimates for additional 
water supplies and for financing them, the relation between the growth of 
European cities and those in America; whether they are strictly compar- 
able. What Mr. Goodnough has said of the English cities is most inter- 
esting and instructive. Of course we must base our estimates of the 
future growth of population on information of that kind. In America 
there are comparatively few cities which can be compared after they have 
reached populations of 150 000 to 200 000 or more because of loca! environ- 
ment which inequally affects the growth. Also conditions seem to me 
vastly different in American cities from those in English cities. England, 
on account of racial characteristics, perhaps, and again on account of 
geographical conditions, is in a somewhat different position as to its city 
growth. You can’t get out of England. England is a comparatively 
small place. The coal mines, which are the basis of the English industry, 
are located not far from the big centers. The Englishman always moves 





* Secretary New Rochelle, N. Y., Water Co. 
+ Consulting Engineer, Boston, Mass. 
t Chief Engineer, Board of Water Commissioners, Hartford, Conn. 
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slowly. In America we move more rapidly and so it seems we can not 
make direct comparison. 

This was particularly brought to my attention in considering what 
the effect will be on some of our Connecticut cities that have now reached 
a population of perhaps 150 000 or 175000. Consider the effect of the 
big movements that are on foot, perhaps this super-power proposition that 
is now rather agitating us, of bringing the larger industry to the coal mines; 
or developing power at the coal mines, if you please. 

It is desirable, perhaps, to get our industries nearer the source, to get 
cheaper labor and less transportation difficulties, but large movements of 
this kind seem bound to affect local growth. That is particularly pertinent, 
at this time I think, on account of the sale or the transfer of the stock 
recently, of the American Brass Company, which has large industries in 
Torrington, Waterbury and Ansonia, to the Anaconda Copper Company. 
Those industries are practically the life of those Connecticut cities I have 
mentioned. There is a thought, and it is rather a serious one, that in 
time the bulk of the product now made by the American Brass Company .. 
in those towns will be transferred to the nearer copper fields in Butte for 
sheet copper and plain bulky materials. What bearing such a movement will 
have on the growth of those particular Connecticut cities is problematical. 

Mr. THEODORE L. Bristou.* I do not think anyone knows what the 
result will be in the Naugatuck Valley. When the Anaconda Company 
bought the American Brass Company they were very careful to state that 
it would make no difference with the organization, that they intended to 
keep the mills running and the same people. I think it is some question 
how this will work out. Probably there will be changes. 

I was in the operating manager’s office in Ansonia the other day 
and there was a call for wire drawing dies. It seems the Anaconda Com- 
pany had placed an order for wire drawing dies to be shipped to Butte and 
were not getting them fast enough, and they wanted to know if they could 
borrow some from Ansonia. The dies were immediately sent them from 
surplus stock. That shows that they are probably transferring a lot of 
wire drawing to Butte, and I presume they will take care of their western 
territory at Butte and will eventually establish sheet mills there. The 
copper business is pretty good now; they are trying to work twenty-four 
hours a day in Ansonia. It started with the wire mill which has been 
working twenty-four hours for several months. They have built a new 
mill in Ansonia, quite a large wire drawing mill. Probably that will not 
be abandoned. But it all depends upon where the demand comes from. 

Of course in all these localities there have been other businesses that 
are called cutting up shops. They are the people who manufacture the 
copper into other articles. That: will tend to keep the business in this 
locality which is in the locality of the present brass and copper cutting up 
shops. 





* President Ansonia Conn., Water Co. 
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Perhaps to show how things may move, I will say that there is another 
large industry in Ansonia, the Farral Foundry and Machine Company, 
which has bought quite a large plant in Buffalo because it saved consider- 
able in freight on coal and iron. I think they did that principally for 
manufacturing rubber mill and wheat rolls to be shipped to Ohio and the 
West. But it has made no noticeable difference with Ansonia. 

PRESIDENT BarBour. I was ‘nterested in what Mayor Remington 
told me regard'ng some statement in a paper which he had recently un- 
earthed about the removal of the textile industry to the South some fifty 
years ago. 

Mayor W. H. B. Remrineton. I would be very glad, Mr. President, 
to say what I said to you about that particular matter. 

In 1855 my father was an operative in the Wamsutta Mills here. At 
that time he purchased a little book which was called ‘‘ American Cotton,” 
containing more or less details about the cotton business. During the 
last year I came across that book, and in it found an almost exact repro- 
duction of the argument which has been made within a short time about 
the removal of the cotton business to the South. That was over fifty years 
ago, and the cotton mills are still in this section of New England. Of 
course they have many mills in the South. That led me to think that 
possibly there might be more or less bugaboo about that suggestion. 
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TARS, NEW AND OLD. 
BY S. R.. CHURCH. 


(December, 1922.} 


INTRODUCTORY. 





Coal tar is so valuable as the source of many useful materials in chemis- 
try and in engineering, it is of such scientific and commercial importance, 
that one is compelled to express surprise as well as regret that there is no 
comprehensive reference book on the subject. I say this with due regard 
to Lunge’s extensive work on coal tar and ammonia, long considered 
authoritative. In recent editions of this once valuable work no real effort 
has been made to bring the facts down to date and it is especially deficient 
as regards American practice. The book contains much wheat and a great 
deal of chaff and the reader is compelled to sift for himself. 

Warnes hand book on coal tar distillation is concise and describes 
English tar distilling practice quite well, but the author has made no 
attempt to cover the entire subject and his book is of value to the tar 
distiller but not to the users of tar products. The same can be said of 
Kreamer and Spilker’s chapter on coal tar in Muspratt’s Chemistry (Ger- 
man), and a fairly exhaustive treatise in French by Berthelot, printed in 
Revue de Metallurgie. 

In fact the engineer or chemist who desires to use tar products finds 
the literature pretty barren and indeed many of the scanty references 
available are inaccurate. For instance in the very useful Lefax tables, 
the specific gravity of “tar” is given at 1.015. Of course all tar is not 
coal tar and there may be some variety of wood tar having that specific 
gravity, but it is to be feared that some will apply this value to coal tar. 

Even such a dignified authority as the Encyclopedia Britannica is 
guilty of this, “‘ The heavier tars contain less benzol than the lighter tars 
and more fixed carbon, which remains behind when the tars are exhausted 
of benzol and is a decidedly objectionable constituent.” It is no wonder 
that engineers who have had little actual contact with coal tar find it very 
difficult to define their requirements when in need of tar products, or that 
some of the specifications met with are drawn without a real understanding 
of materials and purposes. 

The whole matter of writing specifications for the cruder forms of 
tar products (meaning creosote oil, road binders, pipe coatings as distin- 
guished from refined products such as phenol or naphthalene) has been 
surrounded by more than ordinary difficulty. Tars are by-products and 
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their physical character and composition are determined by conditions 
existing in the gas retort or coke oven, conditions over which the tar dis- 
tiller has no control. 

The tar distiller has had to take tars as produced, and determine as 
best he could, by field experience and laboratory research, how to convert 
them into uniform products suitable for the purpose intended. Looking 
at the subject from a modern chemical engineering standpoint, it must be 
admitted that rule of thumb methods prevailed in the tar refinery until 
about ten years ago. During the past ten years much progress has been 
made and not only have good workable specifications been developed for 
the principal tar products; but many improvements and economics have 
been worked out in the distilling and other refining processes, based on a 
growing knowledge of the physical constants and composition of the mater- 
ials dealt with. Time does not permit going into this phase of the subject 
but it may be mentioned that our researches have included determining 
the specific heat of tar distillates and residues, the vapor density and molec- 
ular weights, latent heat of vaporization, ete. Obviously all of these 
facts are needed in correctly designing distilling equipment but they are 
absolutely unavailable in the literature. 

The object of this paper is to endeavor to show by some typical and 
comparative analyses the general range of American tars including coal 
tars from gas works and coke ovens and water gas tars from petroleum 
gas oil. These are properly considered together as they comprise the tars 
dealt with by American tar distillers. We hear of wood tars, blast furnace 
tars, lignite tars, producer tars, etc., but these are either foreign to this 
country or to American tar distilling practice. 

The best available statistics (Mineral Resources of the U.S. 1920 and 


1915) give the tar production as — 3 
1915 


1921 
Tar Gallons. Production. Sales. Production. 
Coke Oven...... eee maa cian Okt 360 000 000 174 000 000 140 000 000 
Coal Gas....... eerie) Gata Senet aie 51:000 000 146 000 000 45 000 000 
EE TOO. ice Ss ok ake 114 000 000 58 000 000 80 000 000 


The later figures are no doubt more nearly accurate but the growth 
in production is apparent, as well as the fact that the increase is largely in 
tar produced on by-product coke ovens. However, the tar available to 
the distillers has not changed so largely as to its source, as the total figures 
indicate, due to the rather wide adoption of tar burning on the part of many 
of the by-product oven owners. 


Metuops or Trestinc TARs. 


Before considering the characteristics of different types of American 
tars it will be useful to illustrate and briefly describe some of the labora- 
tory tests ordinarily made on crude and refined tars and by means of which 
we identify and classify the crudes and control the consistency of the 
refined tars and soft pitches. 
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DISTILLATION TEST. 


The apparatus illustrated in Fig. 1 is used for testing crude tar for 
water and also for distilling tar to pitch and determining the per cent. oil 
yield. The oil and pitch obtained can be further examined if desired. 
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Nol Corer Stus Sma. Size AHT. 204/2 
~ cag ” * a #. 4 20e0 
No3 Connecrie Tuse HI. 
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NoS SeParaTory FUNNEL AHT 20440 
‘No& THERMOMETER 0-250° C. 


5 
No.7 HvoromererR SPECIAL 
No& Crimper 


Fic. I— Apparatus ror DISTILLATION. 


When water only is to be determined 


Crude Tar Tests — Water. 


Apparatus. Copper still, 6 in. by 34 in. Ring burner to fit still. 
Connecting tube. Condenser trough. Condenser tube. Separatory fun- 
nel. Thermometer, 0°-250° C. See Fig. I. 

Method. Fifty ec. of coal tar naphtha or light oil shall be measured in 
a 250 ce. graduated cylinder, 200 ce. of the tar to be tested shall be added. 
The contents shall be transferred to the copper still, the cylinder shall be 
washed with 100-150 ec. more of naphtha, and the washings added to the 
contents of the still. The lid and clamp shall be attached, using a paper 
gasket, and the apparatus set up as shown in: Fig. II. The condenser 
trough shall be filled with water. Heat shall be applied by means of the 
ring burner, and distillation continued until the vapor temperature has 
reached 205° C. (401° F.). The distillate shall be collected in the separa- 
tory funnel, in which 15 to 20 ce. of benzol have been previously placed. 
This effects a clean separation of the water and oil. The reading shall be 
made after twirling the funnel and allowing to settle for a few minutes. 
The percentage shall be figured by volume. 
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Precautions. When fresh supplies of naphtha or light oil are obtained, 
they shall be tested to determine freedom from water. 

Accuracy. One-tenth of 1 per cent. 

Note. For works control an iron still of the same size and shape as 
the copper still specified above may be used. Some laboratories omit 


Nol. Flasx AHY 20452 
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EXTRACTOR FOR 
FREE CARBON. 
Fia. II. 


the use of the thermometer and judge when the water is off by the ap- 
pearance of the distillate. These variations must never be applied where 
check test is required or in case of dispute. 


Dehydration (Preparation of Dry Tar) — Apparatus. 


Method. About three hundred to four hundred ce. of tar shall be 
placed in the copper still without the addition of naphtha. The apparatus 
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shall be set up as in Fig. I, except that an ungraduated separatory funnel 
may replace the special graduated one. The distillation shall be carried 
on cautiously at first to prevent foaming and continued until the vapor 
temperature reaches 170° C. (338° F.). Any oil which has distilled over 
shall be separated from the water (warming sufficiently, if crystals are 
present, to insure their solution)... This separated oil shall be thoroughly 
mixed back into the residual tar in the still, after the latter has cooled to a 
moderate temperature. The dehydrated tar shall be then transferred to 
a suitable container. 

Note. A temperature of 170° is used because this is sufficiently high 
to expel all water from the still. In test I a higher temperature is used to 
insure flushing out the condenser tube. 

When oil yield to a given temperature, or to a certain melting point 
of pitch, is desired, the addition of naphtha is of course omitted. 

The stills can be had in a larger size fitted with a convenient draw-off 
cock for sampling the pitch and emptying the contents of the still. 


EXTRACTION WITH BENZOL. 


Crude tar, if it contains not more than about 5 per cent. of water 
may be tested but for accurate results the tar should first be dehydrated 
in the distillation apparatus heretofore described. 

The test as described is also applicable to refined tars and pitches. 


Insoluble in Benzol (Free Carbon). 


Apparatus. Extraction flask. Condenser and cover, wire support. 
See Fig. II. Extraction thimble (prepared by operator).* Cap of filter 
paper or alundum. The latter are 30 mm. inside diameter by 14 mm. 
high. Balance: an ordinary analytical balance accurate to 0.0005 g. 
Steam bath, water bath, or electric hot plate. Beakers, 100 cc. Carbon 
filter tubes, 37 mm. size. Weighing bottle, 32 mm. by 70 mm. Camel’s 
hair brush, 14 mm. 

Method. Tar dried as described under Test I shall be used. After 
drying, it shall be passed hot through a 30-mesh sieve to remove foreign 
substances. The amount of tar to be taken for test depends on the content 
of insoluble material and shall be: 

Less than 5 per cent., 10g. 


5 per cent. to 20 per cent., 5 g. 
Above 20 per cent., 3g. 


If the content of insoluble material cannot be approximated, the larger 
amount shall be taken. The amount shall be weighed into a 100 cc. beaker 





*These shall be made of Whatman No. 50 filter paper. To make a cup, two 15 cm. circles shall be 
taken and one cut down to a diameter of 14 cm. A round stick about 1 in. in diameter shall be used as a 
form. The stick shall be placed in the center of the circles of filter paper, the smaller inside, and the papers 
folded symmetrically around the stick to form a cup about 2! in. long. A little practice enables the opera- 
tor to make these evenly and quickly. After being made they shall be soaked in benzol to remove grease 
due Ee ane, drained, dried in a steam oven at 97° to 100° C., cooled in a desiccator and kept there 
until use 
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and digested with pure toluol at 90° to 100° C. for a period of not over thirty 
minutes. The solution shall be stirred to insure complete digestion. A filter 
cup prepared as described shall be weighed in a weighing bottle and placed 
in a filter tube supported over a beaker or flask. The thimble shall be wet 
with toluol and the toluol-tar mixture decanted through the filter. The 
beaker shall be washed with toluol until clean, using the camel’s hair brush 
as a policeman to detach solid particles adhering to the beaker. All wash- 
ings shall be passed through the filter cup. The filter cup shall then be 
given a washing with pure benzol and allowed to drain. The cap shall 
then be placed on the cup and the whole placed in the extraction apparatus 
and extracted with pure benzol until the descending benzol is completely 
colorless. The cup shall then be removed, the cap taken off, and the cup 
dried at 97° to 100° C. After drying, it shall be allowed to cool in a desic- 
cator and weighed in the weighing bottle. The increase in weight repre- 
sents matter insoluble in benzol. 

Precaution. If the first filtrate shows evidence of insoluble matter, 
it should be refiltered. The 30-min. period allowed for digestion must 
not be exceeded. 

Accuracy. Five per cent. of insoluble matter present. In other 
words, with 20 per cent. of “ free carbon ” present, a 1 per cent. accuracy 
may be expected. 

MELTING POINT OF PITCH. 


This method is universally used by producers and consumers of tar 
pitches to determine its consistency and is applicable to the range of pitches 
from those which will hardly retain form at normal temperature (about 
one hundred degrees F. melting point) to those which can hardly be 
“ chewed,” or indented with the finger nail (about one hundred seventy 
degrees F. melting point.) 

Test D6 — Water Melting Point. 
Apparatus. See Fig. III. 
Pitch mould. Hook made of No. 12 B. and S. gage copper wire 


(diam. 0.0808 in.). Beaker, 600 cc., Griffin’s low form. 
Thermometer: The thermometer shall conform to the following 


specifications: 
EE RENE SRC ER GA, EX ca il Nag EURES 370 to 400 mm. 
PN i OR COS os van FARE eS as 6.5 to 7.5 mm. 
Sey MOM ns ows St Ce Ee ee eae ke Not over 14 mm. 
RU NR ne ag valine we goatee 4.5 to 5.5 mm. 


The scale shall start not less than 75 mm. above the bottom of the bulb 
and extend over a distance of 240 to 270 mm. The graduations shall be 
from 0° to 80° C. in!/;° C. and shall be clear cut and distinct. 

The thermometer shall be correct to 0.25° C. as determined by com- 
parison at full immersion with a similar thermometer calibrated at full 
immersion by the Bureau of Standards. 








ee ee Sev ae. ee. 


l- 


ll 








CHURCH. 577 


The thermometer shall be furnished with an expansion chamber at 
the top and have a ring for attaching tags. It shall be made of a suitable 
quality of glass and so annealed as not to change its readings under con- 
ditions of use. 

Methods. (a) Pitches having melting points between 43°C. and 77°C., 
(110° to 170°.). A clean shaped half-inch cube of pitch shall be formed 
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in the mould and placed on the hook or wire (see Fig. III for detail of 
method of placing the cube on the wire). The apparatus shall be assem- 
bled as shown in Fig. III, placing 400 cc. of freshly-boiled distilled water 
at 15.5° C. in the beaker. 

The thermometer shall be placed so that the bottom of the bulb is 
level with the bottom of the cube of pitch and shall be immediately con- 
tiguous to, but not touching, the cube. 

The pitch cube shall be suspended so that its bottom is 1 in. above 
the bottom of the beaker and allowed to remain in the water at 15.5° C. 
for 5 min. before starting the test. Heat shall then be applied in such 
a manner that the temperature of the water is raised 5°C. (9° F.) each 
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minute. The temperature recorded by the thermometer at the instant 
the pitch touches the bottom of the beaker shall be reported as the melting 
point. 

(b) Pitches having melting points below 43° C. (100° F.). These shall 
be tested exactly as under a, except that the water at the start shall be 
4° C. (40° F.) and the cube shall be allowed to remain 5 min. at this 
temperature before starting to apply the heat. 

Precautions. The use of boiled distilled water is essential, as other- 
wise air bubbles may form on the cube and retard its sinking. The rate 
of rise must be uniform and not averaged over the period of the test. All 
tests where the rise is not uniform shall be rejected. A variation of not 
more than+0.5° C. for any minute period after the first three is the 
maximum allowable. 

Accuracy. +1°F, - 

Notes. Pitches of the a range of consistency can ordinarily be molded 
at room temperature, but, if necessary, cold or hot water can be used to 
harden or soften them. Pitches of the 6 range can be conveniently formed 
in water of about 4° C. (40° F.). 

A sheet of paper placed on the bottom of the 600 ce. beaker and con- 
veniently weighted will prevent the pitch from sticking to the beaker when 
it drops off, thereby saving considerable time and trouble in cleaning. 

This method shall not be used on pitches above 77° C. (170° F.), 
water-melting point. 

CONSISTENCY. 
(Schutte penetrometer). 

This is adaptive to refined tars that are too heavy for the ordinary 
orifice viscosimeter test except at high temperatures, and too soft to be 
classed as pitch. 


Consistency (Schutte). 


Apparatus. Schutte penetrometer (see Fig. IV). Stop watch. 

Method. The collar shall be filled by placing it upon a flat tin roofing 
disk which has been coated with a thin film of vaseline and pouring an 
excess of material into the collar. After cooling and contraction the excess 
material shall be cut off level with the upper edge of the plug by means 
of a heated knife blade. The collar shall be then immersed in water of 
the required temperature and left at that temperature for 15 min. -The 
collar with roofing disk attached shall be screwed into the tube while the 
tube is in position. The water bath shall just cover the, shoulder of the 
tube. The tube shall be filled with water of the required temperature and 
the roofing disk removed by slipping it sideways. The time (measured 
by a stop watch) from the slipping off of the disk to the sudden drop of the 
disk to the sudden drop of the water in the tube, shall be noted and reported 
in seconds. 
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Precautions. Take extreme care to keep the water bath within 0.5° F. 
of the required temperature. 
(Float Test). 

This applies to the same class of material as mentioned under (4). 
Recently, Committee D4, A.S.T.M. have issued new detailed specifica- 


| 


STANDARD Surroat 


S| 





THERMOMETER 





rc 
T 

i 

rT" 
) 


10% 











TAP For a PlwG 
_babeet] 


























SECTION 
SroOwinG O®ass TvOE 
———— waree Bam “ 
omit 
oho 
HY, : 
/ “et 
| Yy “ 
WY iby ie 
aay 3285 TION... 





: DETAILS: 
OF .SCHUTTE PENETROMETER 


‘ ASSEMBLY ‘ CPrasocne 


OF SCHUTTE PENETROMETER> Twn Dise 


Fie. IV. 


tions for the float instrument and these differ somewhat from the dimen- 
sions illustrated. The A.S.T.M. specifications should be adhered to in 
order to obtain consistent results. 


CONSISTENCY (Float)* 


Apparatus. Float tester (see Fig. V). Brass plate,5 x 8cm. Stop 
watch. 

Method. The brass collar shall be placed with the small end down 
on the brass plate which should be previously amalgamated with mercury 
by rubbing it first with a dilute solution of a mercury salt and then with 





* Adapted from Bulletin 314, Office of Public Roads. 
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metallic mercury. Sufficient of the material to be tested shall then be 
melted in a suitable container, care being taken to prevent loss by vola- 
tilization or formation of air bubbles. The material shall then be poured 
into the collar in a thin stream until slightly more than level with the top. 
The surplus shall be removed, after cooling to room temperature, by means 
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of a steel’spatula, the blade of which has been slightly heated. The collar 
with plate attached shall then be placed in water at 5° C. and allowed to 
remain at that temperature for at least 15 minutes. A suitable water 
bath shall be filled ¢ full of water, placed over a burner and brought to 
the temperature at which it is desired to make the test. This temperature 
shall not be allowed to vary during the test more than 0.5° C. from the 
required point. The brass plate shall be removed from the collar and the 
latter with contents shall be screwed into the aluminum float, which shall 
then be immediately floated on the carefully regulated warm bath. As the 
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plug of bituminous material becomes warm and fluid, it is gradually forced 
upward and out of the collar until the entrance of water causes the collar 
to sink. Unless otherwise specifled, the time in seconds (noted by a stop 
watch) from placing the float in water to the time the water breaks through 
the material shall be reported as the consistency of the material. 

Precautions. No test should be recorded if water finds its way into 
the float through the thread of the plug. This can be avoided by thorougly 
coating the thread with grease or vaseline. 

Notes. In certain specifications it is required to take the time from 
placing the float in water until the float sinks. This may make a difference 
of 5 to 10 seconds in the result. Tests are ordinarily made at 50°C. At 
100° C. the test is not at all sensitive for distilled tars. 


CHARACTERISTIC PROPERTIES OF TYPICAL TARS. 


Table I gives analyses of three gas works tars, three by-product coke 
oven tars and two water gas tars. Horizontal retort tars as shown to be 
highest in specific gravity, insoluble matter and viscosity — while vertical ~ 
retort tar is lower in those values than coke oven tars. Water gas tars 
fall in a still lower range. 


TABLE I. 


ANALYSIS OF TYPICAL TARs. 























Gas Retort. Coxe OveEN. | Water Gas. 
Origin. } 
Hori- Hori- Verti- | 
zontal. | zontal. | cal. | 
| | eee 
Specific gravity crude ....... | sssoes 1.198 1.180 1.179] 1.172 it | ae | 1.110 
fe SO eee ee err 5.3 1.2 1.6 4.6 ee Pe | 49 
| 
Dry Tar. | | | 
Specific gravity 15.5° C. ..... | 1.266 1.222 1.166 1.181 1.188 1.193 1.083; 1.121 
Insoluble in benzol .......... | 28.9 21.1 6.0 6.8 9.2 4.7 0.1 |} 26 
Ash, per cent. ........ Save } oaitips OF Ee cat 0.03 0.01; O02 | O1 | O.1 
Visensttey GOO Gates 65 ys wed eae fence 128 217 WE oe de | 80 Eicsces 
Viscosity 115°-C sec. ........ | 300+ | 67 30 34 42 38 25 «| «42 
Oil to soft pitch........ Spaaee -| 13.2 21.0 26.5 24.3 29.6 30.7 43 | Bnd 
| 














Table II shows the general range of each class of tars, i.e. minimum and 
maximum limits of the different properties. These will be later referred 
to in discussing their relation to the application of the various tars in 
pipe coating. _ 
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TABLE II. 


PROPERTY OF Coat TaRs. 








Gas-Works Coat Tar. 





‘oman nlp teilmatctpennibat 





Properties. } |Coke Oven Tars. 
Horizontal Inclined Vertical | 
Retorts. Retorts. | Retorts. | 
Specific gravity at 60° F.....) 1.20 to 1.25 1.10 to 1.20 | 1.10 to 1.15 1.17 to 1.22 
ee SRS eee Pe ates High Medium Low Ww 
Free carbon (insoluble in ; 
: benzol) per cent ......... 18 to 30 10 to 20 0.4 to 5 2 to 12 
i Distillate, per cent. by volume, 
on distilling to a medium 
grade of pitch ... 263.5 20 to 30 25 to 35 30 to 40 25 to 35 
Per cent. of pitch by volume 
(medium pitch) plus losses .| 70 to 80 65 to 75 60 to 70 65 to 75 
Tar acids, per cent. ........ 1.6 to 3 3 to 5 7 to8 0.4 to 2.5 

















The graph (Fig. VI) illustrates the general range of the distillates 


from each class of tars, in specific gravity. 


Specific gravity is undoubtedly one of the most valuable indentifi- 
cation methods on all hydro-carbon materials, especially in connection 
with the fractional distillation. On the other hand the strict application of 
test to crudely taken fractions often leads to misjudgment and difficulty. 
When more fully developed the test has great possibilities both in control 


and research work. 


TABLE III. 


Series OF SAMPLES OF REFINED TAR MADE FROM SAME Raw Tar. 











| | | ae 

Geneaile | Free _| Distillation | Melting Schutte Yee “Test 
No. carbon Total to | Point | Penetrometer 100 cc. at | at 50°C. 

| Percentages.| 315°C. | oF. | Sec. at °F. 100° C. Sec. | Sec. 

5 12.1 | St eT eo ahres 29 40 94 34 

7 12.0 2 ieee MSS eae hs 108 40 127 38 

8 14.0 |S Be gees 114 50 159 58 

9 14.4 14.9 86.9 85 60 208 75 

10 17.2 12.7 99.7 90 70 335 110 

11 18.2 10.4 108.7 88 80 431 170 

















Table III shows an interesting comparison of the values of different 
methods of testing the consistency of refined tars and soft pitches. There 
is no one method that can be applied throughout the range from a crude 
or dehydrated thin tar to a pitch suitable for say road binder or roofing. 
As we go from liquid to semi-solid and solid mobile materials, the limits 
of the orifice viscosimeter are soon passed and hybrid methods such as the 
“ float test ” which determines neither viscosity or melting point but a 
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mixture of both qualities, seems to be the only feasible method for use 
through a certain range of consistency. These methods all involve time and 
temperature; there is, however, an important distinction between melting 
point, in which the temperature is raised at a fixed rate to the point at which 
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the material: becomes so soft that its cohesion no longer supports it, and 
the float, penetrometer and viscosity tests wherein the temperature is fixed 
and the time required for the material to lose cohesion is the determinable 
point. Therefore in choosing a method for testing the consistency of semi- 
solid bitumens, regard must be had not only to the range of limitations of 
the method’s adaptability, but to the question whether it is desired to 
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determine the behavior of the material at a certain temperature, or the 
temperature at which the material will behave in a certain way. 

A critical study of Table IV would take us far into theoretical specu- 
lation, but it is clearly shown that materials of widely varying free carbon 
content having the same melting point, exhibit varying consistency char- 
acteristics when measured by the float or viscosity test. 














TABLE IV. 
REFINED Tars — RELATION oF ViscosiTy TO CARBON CONTENT. 
| | Schutt Engl | 
Sample Free carbon Melting | 2 aaeatee 100 oe éé Float test 

No. | Percentages. point ° F. at 89° F. 212° F. 212° F. 

| | Sec. Sec. 
1 1.4 | 110 42.2 302 158 
2 14.5 | 109 80.1 298 192 
3 39.6 ° | 112 144.9 739 337 











APPLICATION OF ANALYTICAL Data. 


Can we apply any of the foregoing data to the technical use of tars 
and tar products for pipe coating? 

Ten years ago I first gave some attention to the question whether or 
not there ought to be a specification for a refined tar product for coating 
cast-iron pipe and fittings; I found that at practically all the foundries 
crude coal tar was being used. The method of coating varied somewhat, 
it was usually developed by experience and not marked by close control. 
I came to the conclusion that the coating could probably be improved by — 


(a) Closer temperature control of both castings and bath. 

(b) Adoption of some method for testing the consistency of the coat- 
ing from time to time and keeping it uniform. 

(c) Specifications for the coating that would insure reasonably uni- 
form consistency and freedom from excess water. 


It did not seem to me at that time that the last named requirement 
was of greater importance than the other two. 

No doubt coating technique has been improved during the last ten 
years; most industries are making progress. I know that your Association 
has been giving attention to the problem and that tentative specifications 
for pitch for pipe coating are under consideration. 

You may ask — Is pitch a better material for coating pipe than crude 
coal tar? If so what should be the melting point of the pitch? What 
is the meaning or significance of ‘“‘ free carbon ”’ in tars and pitches? Should 
the origin of the tar be specified, that is — gas works, coke oven, etc? 

The tars first used for coating pipe were necessarily horizontal gas 
works coal tars, as the by-product oven, the vertical gas retort and the 
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carbureted water gas process had not been introduced. In the early days 
of gas-making fire clay retorts were used and the first important change in 
the character of coal tar occured when fire clay was replaced by silica 
retorts. With the latter higher heats were employed and tar was produced 
of very high viscosity and high free carbon content. 

We have already shown that the newer types of tar, i.e., coke oven, 
vertical retort and water gas tar are thinner and of lower free carbon con- 
tent than the horizontal gas works tars. 

Undoubtedly the best coating is not obtained when very thin tar is 
used — crude water gas tar or crude vertical retort tar makes a very poor 
coating, lacking body. In order to obtain a coating having the consis- 
tency and covering power of a medium gas works coal tar, most of the tars 
now available must be modified by distillation, or reduced to the proper 
consistency. Either coal tar or water gas tar may be reduced to any 
desired consistency but it is doubtful whether water gas tar should be used 
for pipe coating as its resistance to chemical attack and its life under 
conditions of service have not been well established. 

What happens when a hot casting is dipped in tar? The object of 
the process is to obtain a thin but complete coating that will dry in a short 
time, adhere strongly to the pipe, be resistant to abrasion and finally pro- 
tect the metal from corrosion. If crude tar is used the heat is sufficient 
to drive off enough of the more volatile oils so that the remaining film or 
coating is pitch. If pitch is used to start with, either higher temperatures 
must be employed or a thicker coating will result. I do not believe there is 
any merit in a thicker coating per se — on the other hand a very thin tar 
may produce a coating so thin as to be non-protective and unduly brittle. 
I am inclined to the opinion that what is needed is a refined, i.e. distilled 
tar with reasonable limits as to viscosity and free carbon. 

The viscosity limits should be specified at an elevated temperature, 
say 100° C. approaching that of the bath. What does free carbon signify? 
The term is a misnomer. Free carbon means matter insoluble on hot 
extraction with benzol. It is not “free carbon,” but a mixture of difficultly 
soluble and insoluble compounds of high carbon content, but containing 
some hydrogen. Tar is a product of destructive distillation which means 
that the vapors distilled out of the coal are partially decomposed and the 
result is a mixture of hydro-carbons with some oxygen and nitrogen com- 
pounds which were not present as such in the coal, but are formed in the 
retort; ‘‘ Free Carbon ” so called is an index to the amount of decomposition 
that occurs. Tar obtained from coal under conditions unsuitable for 
decomposition, for example, under high vacuum with rapid removal from 
the retort would be entirely different from our commercial tar. It would 
contain a lot of paraffin compounds and phenols and would be thin, and 
oily with a very low pitch content. 

Free carbon in the specification is simply a means of providing for 
tars that have been produced at neither too low nor too high heats. Lack 
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of it indicates a thin tar of inferior covering capacity, too much, a thick 
material difficult to handle and settling out in the treating vessel or bath. 

I do not believe apart from specifying that the tar should be obtained 
from the carbonization of bituminous coal, that its origin need be specified 
if the proper limits for consistency and free carbon are arrived at. Uni- 
formity is what is wanted and it is the tar distiller’s job to produce that 
uniformity by selecting and combining his tars, and processing the mix- 
ture to obtain the desired product. 

The tar producer cannot insure this, and while tar from one source 
may run very uniform for a long time it may and in fact often does change 
profoundly without any warning as the requirements of coke and gas vary. 

It has been the history of material specifications that as we approach 
perfection the requirements for the finished product become more important 
than the question of where the raw material originated. 


DISCUSSION. 


Mr. H. T. Mitter.* We know that the wide range between the 
melting point and the brittle point of asphalt is very large, but in my 
experience the range between the melting point and the brittle point of 
coal tar has been very narrow. Has Mr. Church found any wider range 
on coal tar between those two points? 

Mr. Cuurcu. There is no doubt but that we are seeking for a mater- 
ial which combines the good qualities of coal tar and those of asphalt. The 
acknowledged resistance of coal tar to chemical reaction, its long service, 
its absolute waterproofing capacity, with the physical properties, the 
gentleman speaks of, that asphalt possesses—that is, lack of susceptibility 
to temperature changes — unfortunately, that animal has not been dis- 
covered yet. It seems there is something inherently different in the com- 
position of materials which have a low susceptibility factor. The reason 
that they have the low susceptibility factor — that is, that they resist 
temperature changes — may be allied with the reason why they do not 
resist chemical reactions as well as coal tars. In other words, they may be 
more readily oxidizable. There are some indications that way. But I 
can’t say that we have really produced coal tars having a very markedly 
improved range of resistance to temperature changes, although by selec- 
tion and by proper refining we can, of course, accomplish something. in 
that direction. In other words, some tars are better in that respect than 
others. 

I am afraid that is not a very satisfactory reply to the question, but 
it is the only one I can make at the present time. 

PRESIDENT Barbour. Is there any possibility of combining some per 
cent. of asphalt with the tars in order to widen the temperature differential? 





* Of National Tube Co, 
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Mr. Cuurcu. That has been tried, and it has been done to some ex- 
tent. We have had specifications in one or two cities for years for a mix- 
ture of coal tar, pitch and asphalt for paving-block filler. We have tried 
it ourselves and endeavored to improve some of our roofing products. 
I can’t say that the results have been extremely encouraging. There 
is a limit to the percentage of asphalt that can be mixed with coal tar — 
that is, from the standpoint of getting a homogeneous compound. Some 
asphalts can be mixed in greater proportion than others. Those having 
important aromatic compounds can be used to a larger extent than those 
which are high in paraffin compounds. It is worse than useless to mix 
an asphalt obtained from the reduction of a paraffin base oil, with coal 
tar, because you only get a mess, but a certain proportion of a properly 
selected asphalt can be mixed, and the results are somewhat encouraging 
in some cases. But I have not seen enough evidence of great improvement 
to warrant recommending that additional expense in pipe coating. 

‘Mr. 8S. B. Brown.* Supposing we have selected a proper tar. Is 
there anything to be gained by its being applied to the metal so that it 
will be hard when the metal is cold? In other words, have we lost anything- 
by the hardening of the coating, or is the coating which is semi-plastic, a 
little sticky perhaps, better than one which is hard? Of course I understand 
that you can take the same tar, and by a different temperature treatment 
get either a plastic or sticky or an enamel-like finish. Is there any differ- 
ence in the desirability as between the two? Is it more desirable to have 
it plastic or not from a coating standpoint? 

Mr. Cuurcu. It is very undesirable to have pipe hot enough to dry 
the coating too rapidly and leave an extremely brittle coating. I think 
that overheating the pipe is probably more dangerous, so far as the life 
of the coating is concerned, than underheating it. I do not think there is 
anything to be gained by having the pipe higher than 300°. Of course 
if you dipped an absolutely cold pipe in hot tar it would not dry for 
a very long time; you would have a pipe which you could not handle, 
as it would be too messy. I think the happy medium is to have the pipe 
just hot enough so that it will dry the coating slightly tackey. It will 
eventually set up firm and hard, but it will be slightly tackey for a little 
while. It can’t remain too tackey or there is danger of its being more or 
less washed. In other words, it has to set up firm enough so that the 
water will run over it without disturbing the surface coating. 

Mr. Brown. My thought in this connection was this: of course 
the undesirability of a sticky coating is purely connected with the outside 
of the pipe. The outside of the pipe is not really the point that water works 
people are interested in. The outside of the pipe won’t give any trouble; 
it is the tuberculation from the inside. If you get a more desirable coating 
by leaving it a little sticky on the inside, we need not worry about the out- 





* Of Warren Foundry & Pipe Co. 
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side. I notice that they put the wood pipe filler in when it is so sticky on 
the outside that they have to roll it with sawdust. Does that coating have 
any better life for that? 

Mr. Cuurcu. I do not think we can directly compare the wood pipe 
coating with cast-iron pipe coatings. They use, or did use when I knew 
about it, a pitch of fairly high melting point, and while it is true that they 
rolled the pipe in sawdust, that pitch would be very hard without rolling 
it in sawdust, and it was thought a considerable protection to the coating 
until the pipe got in place underground. The pitch used was of such high 
melting point that an abrasion received by the pipe on its way to the job 
would have damaged the coating considerably if not protected. 

I think, however, your coating should not dry too hard. That is a 


very good point. 
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THE PROPER TERM FOR WHICH WATER WORKS BONDS 
SHOULD RUN. 


BY CHARLES W. SHERMAN.* 


The reasonable or proper term for which water works bonds may be 
issued has no relation to the laws of Massachusetts or of any other state; 
and, as I shall show, the laws of Massachusetts relating to the issuance of 
bonds for water works construction show very little, if any, consideration 
for the reasonable term of life of the property covered by the bonds. 


TERM AND AMOUNT OF Bonpbs INTER-RELATED. 


The reasonable period or term of a bond is intimately connected with 
the life of the property covered by the bond. It is also related to the 
depreciation or loss in value of the property. Indeed, the two matters of 
term and amount of bonds cannot be separated in a discussion of the proper 
or reasonable length of term of bonds. 


PROPERTY COVERED BY Bonps Must ProvipE AMPLE SECURITY. 


It is self evident that bonds on a water works property, like a mort- 
gage on residence property, should be amply secured; that is, the bond- 
holder should know that the value of the property is sufficient at all times 
to cover the loan and to repay it at maturity. 

Perhaps a further analysis of the conditions of a real estate mortgage 
will assist in developing a clear comprehension of the matter. Massachu- ~ 
setts savings banks are required by law to limit a loan on such a mortgage 
to 60 per cent. of the appraised value of the property; and the term is 
commonly five years. Under any ordinary circumstances the deprecia- 
tion during this term would not be so great as to leave any question as to 
the property being sufficient to meet the loan at maturity; and extra- 
ordinary depreciation resulting from fire is guarded against by insurance 
carried in favor of the mortgagee. 

Now suppose the borrower should want to give a mortgage for 40 
years — which might perhaps be taken as representing the life of the 
ordinary house. On this basis the house itself would have little or no value 
at the end of the term of the mortgage; and the lender, if he used ordinary 
foresight, would not loan more than the value of the land alone, unless 
some arrangement were made for periodic repayment of sufficient principal 
to fully cover loss of value by depreciation. 

This latter method bears a certain similarity to serial bonds, which 
will be referred to later. 





* Of Metcalf and Eddy, 14 Beacon Street, Boston, Mass. 
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Lire oF A WaTER Works PLANT. 


If a water works plant were like the ‘‘ One Hoss Shay,” which, at the 
end of its life, went to pieces — 


‘“* All at once and nothing first — 
Just as bubbles do when they burst.” 


and could be depended upon to render service until that time, then bonds 
might be issued against it for the term of its life, but with provision for a 
sinking fund to repay the loan at maturity, since the property would then 
have only a junk value; or, what is similar in many ways, with serial 
maturity of bonds for repayment of principal. 

But a water works is a complex plant, made up of many items having 
widely different expectancies of life; and in growing towns it is continually 
being added to, so that the distribution system, for instance, consists of 
many parts varying in age from less than one year to the age of the oldest 
parts of the plant. In this country we have instances of cast-iron pipe 
75 years old and still in service; but the average age of the distribution 
system containing these pipes is likely to be less than 20 years, because so 
large a proportion of the system has been added in recent years. 

It is possible to make a fair estimate of the average useful life of an 
average or typical water works system, and such a figure will be of signi- 
ficance as a basis of comparison, although it should be used with caution in 
application to any particular case. 

In a paper * by Metcalf, Kuichling and Hawley, presented to the 
American Water Works Association in 1911, they gave the percentages of 
the total values of a large number of water works plants, represented by 
the principal parts of such works. Averaging the figures presented I find 
that the value of the ‘‘ typical ”’ water works, based upon these particular 
statistics, is divided as follows: 


Land and water rights................. 6 per cent. 
Water supply works................... 9 per cent. 
PIN NNR 6 is ai as oc seks 17 per cent. 
Distributing reservoirs.................. 6 per cent. 
Purmieation Works. 3. soe So ics 11 per cent. 
Distribution pipe system............... 51 per cent. 

100 per cent. 


The useful life of these several parts from the point of view here under 
discussion may be taken approximately as — 


150 years for land and water rights. 
75 years for water supply works. 
30 years for pumping works. 
40 years for distributing reservoirs (including standpipes). 
25 years for purification works. 
50 years for distribution system (including services and meters). 








* Some Fundamental Considerations i in the Determination of a Reasonable Return for Public Fire 
—s Service, by Lenoard Metcalf, Emil Kutchling and William C. Hawley. — Proc. Am. W. W. Asso. 
1911, p. 55. 
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Then the average life of the entire system will be 51} years — or in 
round numbers, 50 years. 


Note: The U.S. Census Bureau “ Uniform Accounts for Systems of 
Water Supply ” (1911) states: 


“ Until further study and experience or a series of inspections and 
appraisals at fixed intervals furnish more accurate data, the average life 
of the various parts of the fixed properties of a water-supply enterprise 
may be assumed to be approximately as follows: For horses, carriages, 
automobiles, and laboratory apparatus and appliances, ten years; water 
meters, service pipes, office furniture and general operating equipment, 
fifteen years; boilers, steam pipes, and filtration equipment, twenty years; 
engines, pumping machinery, and wood pipes, twenty-five years; masonry 
of filtration plant, cribs, iron water pipes, intakes and connections, fire 
hydrants, standpipes, and buildings, fifty years; reservoirs, tunnels, and 
aqueducts, one hundred years; and for the water-supply system as a whole, 
fifty years. All these approximations are subject to modification by reason 
of any unusual conditions which may shorten or prolong the life estimated 
above.” 


The Committee on Depreciation, of the American Water Works 
Association, in its final report,* suggests; 


Years 
For storage reservoirs, dams, and large aqueducts... . . 75 to 150 
For cast-iron pipe of large diameter................. 75 to 125 
For cast-iron distribution pipe. ..................... 30 to 90 
For wrought-iron distribution pipe.................. 25 to 40 
ROE GORWIOOR oc ciccev ste keel bewice s ecko 15 to 80 
For disthiiiiting Tes WOre <<. 2 oe ie os os whe oo 50 to 75 
Bor Stn ee so ee hee wes es 30 to 60 
De TS oe nc ice ds eee Bae ini a baas OWE Ee 20 to 30 
For pumping machinoby.<..2.s2266 ho ie wks bie naweses 15 to 60 
er NG oP EE ERO rc oR Oss DEN 15 to 30 
Ror Giae DiNAG 6S RE SS RE OES ten 15 to 50 
Fae pO io a oe aoe a eta ciedte sisi g gaa 20 to 60 


The Committee of the American Society of Civil Engineers on Valua- 
tion of Public Utilities ¢ gives on page 1559 some data upon life of water 
works structures which had been abandoned. As would be expected, these 
related to works which had been outgrown or otherwise superseded, and 
therefore had much shorter lives than would normally be the case. The 
figures are therefore of no significance in this connection. 


The average figure of 50 years’ life for a “ typical ’’ water works plant 
is of no direct use, since it presupposes that all items of the plant are new at 
the same time, and that no renewals are necessary. Starting with an en- 
tirely new plant, of the “‘ typical ” character assumed, it does represent the 
average expectancy of life; if no extensions are required after 5 years the 
remaining life will be 45 years, but if extensions have been required the 





* Journal Amer. W. W. Asso., 1919, p. 85. 
+ Trans. Amer. Soc. C. E. 1917, p. 1311 














592 TERM FOR WHICH WATER WORKS BONDS SHOULD RUN. 





average remaining life may be 46 years or more. The remaining life of the 
plant does not decrease uniformly from 50 years to 0, since the effect of 
extensions and replacements which add new elements to the plant at fre- 
quent intervals is to reduce progressively the rate at which the remaining 
life decreases. Indeed, after a time the remaining expectancy of life no 
longer decreases but remains substantially constant. 

That such would be the case becomes obvious from a consideration of 









the conditions; and that it does as a matter of fact, has been amply proved | , 


by the figures of the large number of valuations of water works which have 
now been made of plants of all sizes and a wide range of ages. 


AVERAGE REMAINING LIFE IS PROPER TERM FOR Bonps. 


The average expectancy of life remaining after it no longer decreases 
is then a suitable term for which bonds may be issued in the case of the 
assumed typical plant. This remaining life of the plant will be the same 
now, next year, and five years from now. 

The above statement is not precise in its application to any particular 
works, but is nearly so with any growing plant, or even in one whose growth 
has ceased, provided that replacements and renewals are made as they be- 
come necessary. That is to say, the effect of the long life ahead of new 
plant added for renewals and extensions will, on the average, offset the lesser 
remaining life of the old plant due to increasing age. In practice the 
expectancy of future life generally decreases gradually during a term of 
years, while only minor extensions and renewals are made, and then in- 
creases abruptly when important additions to plant are made; the average 
result corresponding to a relatively uniform expectancy of life. 


DETERMINATION OF REMAINING LIFE. 


The average remaining life expected is rarely estimated or stated 
in reports of valuations. The amount of the accrued depreciation upon 
existing plant is, however, practically. always stated, and its ratio to the 
reproduction cost (or original cost) of existing plant is easily obtained. 
The relation between accrued depreciation and elapsed proportion of the 
total life is a direct one; and if the average total life can be taken as a con- 
stant — say 50 years — the remaining life follows directly. 

For this estimation the total accrued depreciation, including that on 
abandoned structures, should be used, and compared with the total cost, 
including that of the same abandoned structures. The figures should be 
based upon complete records for works of a considerable age, not less than 
20 years; figures for works of which the record of abandoned structures is 
lacking or incomplete are less satisfactory, and require some adjustment 
before being used. 

A sufficient number of complete records, covering both large and small 
works, automatically includes the normal percentage of complete deprecia- 
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tion, due to accident, obsolescence, or other causes resulting in less that the 
usual life for some structures, and the figures obtained from these records 
furnish a basis for approximate adjustment of data covering only the depre- 
ciation of existing plant. 

In a paper entitled “ Practical Checks upon Water Works Deprecia- 
tion Estimates”* Mr. Leonard Metcalf has submitted a table of “‘ Deprecia- 
tion Records of Some Old Water Works” which contains eleven such 
complete records; and other data not included in the published paper 
bring the number to thirteen. The total accrued depreciation in these 
thirteen cases averages 19.7 per cent., the range being from 7.2 to 27 per 
cent. Omitting the lowest record as abnormal, in view of its divergence 
from the others, as well as the known circumstances making for a low de- 
preciation, the range is from 13.3 to 27.0 per cent. and the average 20.7 
per cent. 

Assuming that depreciation accrues on the basis of a geometrical pro- 
gression, corresponding to the growth of a sinking fund earning 4 per cent. 
interest, a total accrued depreciation of 20.7 per cent. on a plant of 50 
years’ total life, corresponds to an age of 20 years, and a remaining life of~- 
30 years.| The range of depreciation from 13.3 to 27.0 per cent. corre- 
sponds to remaining life of 36 to 26 years. 

On the basis of these figures the conclusion is obvious that under nor- 
mal circumstances the fair term for water works bonds is 30 years, and that 
in individual cases it should seldom be less than 25 or more than 35 years. 


RESIDUAL VALUE. 


These same figures of accrued depreciation indicate that there is still 
remaining in normal works a value of approximately 80 per cent. of their 
cost, the range being from 73 per cent. to 87 per cent. (The figures given 
have been based upon reproduction rather than original or actual cost, 
but the proportions would differ but slightly if at all if figures of actual cost 
had been used.) 

In references to cost or value in this paper the physical plant, only, 
is meant. Items of value not represented by the plant are omitted from 
consideration as having no bearing upon life of the property, or upon the 
part of the value which may properly be covered by bonds. 

An examination of the records of accrued depreciation for a large 
number of other water works, mainly those for which there is no record of 
abandoned property, indicates that the above figures are conservative. 
After adding reasonable allowance for the effect of abandoned property, 
there seems to be a decided majority of plants in which the accrued deprecia- 
tion is less than 20 per cent., and but few in which this figure is materially 
exceeded. 





* Journal Amer. W. W. Asso., 1919, p. 371 


+ If the average total life were 60 years, the r ining life c to 20 per cent. depreciation 
would be 33 years; and for a 70-year total life, the remaining g life would ‘be on years. 
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REASONABLE TERM FOR AND AMOUNT OF WATER WorRKS Bonps. 


It therefore appears that the fair or reasonable term for water works 
bonds is 30 years, and that 80 per cent. of the cost may be covered by bonds, 
which will be suitably secured by the property covered.* Under excep- 
tional circumstances the term may be reduced to 25 years and the percent- 
age of cost to be covered by bonds to 75. 


MunicipaL Water Works Bonps. 


In the case of bonds of municipal works, the property is not the sole 
security for the bonds, as the credit of the municipality is pledged. The 
bondholder is, therefore, suitably safeguarded even if the entire cost of 
works be raised by bonds. Indeed, such procedure is usually the only one 
possible in the case of new works, and is justified by the fact that the anti- 
cipated life of the works at that time is 50 years or more; but in the case 
of enlargements or extensions it is certainly the case that conservative 
financing would require that such works be self-supporting and that 
neither the amount nor term of bonds be greater than would be proper in 
case of private corporation ownership. 


Massacuusetts Laws AFFECTING MunicripAL WATER Works Bonps. 


In Massachusetts, the laws regulating the issuance of bonds for muni- 
cipal water works have been framed from the point of view of limiting and 
regulating municipal indebtedness, without sufficient consideration of 
water works as a utility which should be self-supporting, and the financing 
of which should therefore be subject to the same conditions as would be 
proper under private ownership. This condition resulted from the fact 
that a number of cities and towns had issued bonds far beyond reason, and 
in some of them water revenues had been diverted to other municipal de- 
partments while construction of any kind, including replacements and 
renewals, was financed by bonds. In an attempt to cure this condition 
laws were enacted which have caused considerable hardship to those 
responsible for water works financing in this state. 

I had occasion to comment upon these laws before this Association in 
1916, when Wm. S. Johnson, Henry A. Symonds and myself submitted a 
paper ¢ discussing these provisions and their effect in detail, and offering 
suggestions for amendments which we were then attempting to have 
- enacted. We succeeded in getting only a small portion of the relief for 
which we asked, and the present law is substantially the same as it was at 
that time. It is codified in Chapter 44 of the General Laws, Sections 8, 
9, 17, 19, 20 and 22. The most significant portions are as follows: 





* This statement must not be taken to mean that it would be good corporate financing to issue bonds 
to the extent of 80 per cent. of the physical property; nor that items of intangible property should be omitted 
from capitalization. 

+ Municipal Water Works Financing in Massachusetts, as Affected by Recent Legislation, JouURNAL 
N.E.W.W.A., Vol. 30, p. 779. 
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“ Section 8. Cities and towns may incur debt, outside the limit of 
indebtedness prescribed in section ten, for the following purposes and pay- 
able within the periods hereinafter specified ”’: 


“ (3) For establishing or purchasing a system for supplying the in- 
habitants of a city or town with water, for the purchase of land for the 
protection of a water system, or for acquiring water rights, thirty years. 

“ (4) For the extension of water mains and for water departmental 
equipment, five years.” 


“ Debts mentioned in clause (1) of this section shall be payable as 
provided for in sections four, five, six and seventeen. Debts for all other 
purposes mentioned in this section shall be payable within the periods above 
specified from the date of the first issue of bonds or notes on account thereof, 
and may be incurred in accordance with the laws relating to such purposes, 
so far as they are consistent with this chapter. Debts, except for temporary 
loans, may be authorized under this section only by a two thirds vote.”’ 


“Debts mentioned in clauses (3) and (4) of this section shall not be 
authorized to an amount exceeding ten per cent. of the last preceding 
assessed valuation of the city or town.”’ 

(General Laws of Massachusetts, Chap. 44, pp. 361-362) 


Under this law it is impossible to borrow money for water works exten- 
sions for a longer term than 5 years, so that whenever conditions arise 
making it impracticable to finance necessary construction by 5-year serial 
bonds, special legislation must be obtained. 

I grant the desirability of some central authority maintaining close 
control over municipal financing, and that some method must be provided 
to prevent a misuse of power in this matter, such as formerly existed in 
some cases. Perhaps this could be accomplished in part by a general law 
providing that all revenue from water works operations should be devoted 
to water works purposes and not diverted to other uses — it being under. 
stood, of course, that payment of interest and principal upon debts con- 
tracted for water works construction, is a proper use of water works revenue. 


SpeciaAL LEGISLATION UNDESIRABLE. 


With regard to the propriety of bond issues and the amount and period 
of the bond issue, it seems to me that this is a subject which ought not to be 
referred to the Legislature. Its proper decision demands a detailed know- 
ledge of conditions affecting public utility operation, financing and manage- 
ment, which the Legislature and its committees cannot have. Moreover, 
it is extremely undesirable that the time of the Legislature be wasted in 
considering appeals for special legislation, attempting to analyze the pro- 
priety and desirability of the laws desired, and cumbering the statutes with 
special legislation applicable only to particular cases. 
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The sensible manner of handling subjects of this kind would seem to 
be a general law referring all such cases to the Department of Public Utili- 
ties, which now has jurisdiction over the issuance of bonds and stock by 
private corporations operating public utilities, and which is best fitted of 
any State authority to deal with this subject. 

In view of the fact that the credit of a municipality is pledged, and 
not merely the particular works for which bonds are to be issued, it is 
probable that some general requirements limiting the power of the Depart- 
ment of Public Utilities to approve bond issues in accordance with the 
financial standing of the particular municipality, would be advantageous ;* 
but the general principle of referring the whole matter of water works financ- 
ing—muunicipal as well as private—to the Department of Public Utilities, 
seems to be sound and to the advantage of the community as a whole. 


PRESENT SITUATION OF BELMONT. 


An instance of the hardship imposed in attempting to comply with 
the present law, and the resulting necessity of applying to the Legislature 
for special legislation, is afforded by the present conditions in the town of 
Belmont. The water works of this town have been self-supporting for 
many years, and under conditions existing before the war ordinary exten- 
sions were easily taken care of out of surplus revenue, in addition to paying 
interest and bond requirements upon the water debt.f During the war 
construction work was kept at a minimum and a material balance was 
accumulated. As such a balance is always looked upon with envious 
eyes by town officers anxious to keep the tax rate at a minimum, authority 
of the town was asked and obtained, to transfer $5 000 to the water sinking 
fund, thus building up the fund to such a point that it, with its accumu- 
lations will take care of all the sinking fund bonds outstanding, without 
further contribution. Five thousand dollars were also appropriated to 
the general funds of the town, since at that time there was no indication 
of the abnormal demands of water works extensions which were soon to 
develop. 

The growth of Belmont since the termination of the war has been at 
a phenomenal rate. This is indicated distinctly by the number of services 
installed in recent years, as follows: 


Year. New Services. 

1918 19 

1919 59 

1920 100 

1921 136 

1922 210 (approximately) 


The population, which was 10 749 according to the census of 1920, now 
approximates 14 000. 


* Perhaps the provisions of the General Laws quoted above, by which the total water works debt is 
limited to 10 per cent. of the assessed valuation, is sufficient, although the percentage is too high. 
+ But the ky amount of bonds outstanding was only about $55 000, against works which had cost 


upwards of $200 000 
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This. growth has been accompanied by a corresponding real estate 
development which has demanded material extensions of the water works 
distribution system. The amount expended for construction during each 
of the last four years has been approximately as follows: 

1919 $5 785 1921 $30 739 
1920 23 318 1922 31 000 

Prior to the war, and under normal circumstances since the war, there 
would be available from water revenue, approximately $13 000 each year for 
extensions, after meeting operating and fixed charges. Since 1919, however, 
the actual cost of the extensions required has ranged from $23 000 to $31 000, 
and there is no indication that this expense will be materially reduced in the 
near future. 

In 1920 nearly $11 000, in addition to the surplus for the year, was 
required for construction. This was taken from the balance brought for- 
ward from the previous year, thus reducing the balance with which the 
department began the year 1921, to approximately $9000, and as no 
further collections were made until after June 1, this sum was obviously 
inadequate to the needs of the department. : 

In 1921: approximately $13 000 surplus revenue was devoted to con- 
struction, and in addition $15 000 were borrowed on 5-year serial bonds, 
in accordance with the general law. The total cost of construction was, 
however, nearly $31 000, with the result that the department’s balance 
was still further depleted to approximately $6 500. 

During 1922 it became necessary to repay $3 000 on the serial loan of 
1921, in addition to the increased interest requirements, so that in spite of 
larger earnings the surplus available for construction was reduced to about 
$11 000. Twenty thousand dollars additional was borrowed, again on 
5-year serial bonds, providing a total of about $31 000 for construction, 
which is approximately the amount actually expended. The balance at 
the end of 1922 is therefore substantially the same as that with which the 
year was started. 

With $3 000 of the loan of 1921 and $4 000 of the loan of 1922 maturing 
in 1923, the surplus available for construction will be reduced to approxi- 
mately $6500. The construction requirements are not likely to be less 
than those of 1922 and may be considerably increased. The Commissioners 
estimate $35 000 as the probable construction cost. In view of the depleted 
condition of the balance it seems desirable to borrow $30 000 of the estimated 
requirement of $35 000, thus allowing a small addition from surplus revenue, 
to the working balance. 

This money, like that borrowed in 1921 and 1922, might be obtained on 
5-year serial bonds, and the needs of 1923 would thus be met without parti- 
cular difficulty. It would, however, add a further sum of $6 000 per year 
to the amount annually required for repayment of bonds, beginning in 
1924, and there would therefore be only about $1 500 of surplus earnings 
available for the construction of that year, and it would become still more 
necessary to borrow substantially the full amount required for construction. 
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The point has obviously been reached where it is a distinct hardship to 
borrow further on 5-year bonds, and where it is necessary to apply to the 
Legislature for special legislation, allowing the issuance of bonds for a 
longer term. In view of the comparatively insignificant amount of bonds 
outstanding against these works, ($78 500 as compared with a total cost of 
about $3006 000), it is hoped that this legislation can be obtained. 


CONCLUSION. 


Summarizing the statements in this paper, its conclusions are: 


1. The average life for a “ typical ” water works plant in this country 
is about 50 years. It will rarely be less than this in individual cases, and 
may be as much as 60 years or more for some works. 

2. Complete records of depreciation, including abandoned structures, 
of a number of water works plants of considerable age show that the total 
accrued depreciation of the physical plant of such works is about 20 per cent. 
of the cost. Departures from this mean are not great. Records of depre- 
ciation suffered by the plant still in service, modified by a suitable allowance 
for plant abandoned, confirm this as a reasonable normal figure. 

3. The corresponding average age for works of 50 years’ life is 20 years, 
leaving 30 years average remaining life. If the average useful life were 
60 years instead of 50, the average age would be 27 years and the remainizig 
life 33 years. Thirty years is a fair estimate of the average remaining life 
of any water works plant in normal condition, and therefore a proper term 
for which water works bonds should run. 

4. If the works have suffered a depreciation of 20 per cent. including 
abandoned property, there is a residual value of 80 per cent. of cost of the 
physical plant. Water works bonds may therefore safely be issued up to 
80 per cent. of the normal cost of the works. 

5. Municipally owned water works should be self-supporting, and their 
financing should be on the same general basis as that of private corporations. 

6. The clause of the present Massachusetts law which limits bonds for 
the extension of municipally owned water works to a term of 5 years is 
illogical and burdensome, and should be repealed. 

7. Special legislation for particular cases, made necessary by the exis- 
tence of the 5-year limit, is undesirable from every point of view. 

8. Suitable control over municipal bonds for water works purposes can 
be exercised by requiring the approval of the Public Utilities Commissioners 
in exactly the same way as for bonds of a private water company. 

9. Misuse of water revenues can be avoided by legislation limiting 
their uses to water works purposes. 

Note: Since the presentation of this paper my on yes has been called to an 
editorial article entitled “ Municipal Loan Purposes and Periods in England and the 
United States” in Engineering News of November 2, 1905, p. 463. Besides a statement 
of the conditions under which loans could be made in England, it includes a very inter- 
esting and suggestive discussion of the principles which should govern in such cases, and 


might well have provided the text for such a paper as this: but most of the data upon 
which my conclusions have been based were not available at that time. 














DISCUSSION. 


DIscussION. 


THE PresmeEntT. As stated in the notice of the meeting, we had hoped 
to have with us today the members of the Special Commission on Municipal 
Taxation. They have, however, both this morning and this afternoon, 
hearings in connection with the cities of Fall River and New Bedford, and 
are unable to be present. They have just now telephoned me, saying that 
they would very much like to meet the representatives of this Association 
at some special meeting to be called for the purpose, and that they are 
distinctly interested in our viewpoint on this problem. I presume we 
shall be very glad to appear before them. 

While we have not been able to bring here the Commission, we have 
with us the principal hurdle over which we must climb in this financial 
problem, Mr. Waddell — Director of Accounts of the Department of 
Corporations and Taxation. I know we all want to hear from Mr. Waddell. 

Mr. THEeoporeE N. WappELL. Mr. President and Gentlemen: I 
am in a very fortunate position — fortunate, I think, for me, in that I 
have more or less of a rhinoceros hide. I am always on the wrong side of ~ 
the question. However, I would like to say that I believe my heart is in 
the right spot. 

Now there are certain conditions which I meet with that are not fully 
appreciated by those who work from a scientific standpoint. I am not in 
a position, nor am I disposed to believe that the points which have been 
mentioned are open to criticism. We have, however, a situation surround- 
ing us, political and otherwise, that must be met. 

I want to explain briefly the 5-year clause of the law relating to the 
extension of water mains and for water departmental equipment, and give 
some experiences I have met with concerning its operation. When a report 
of the examination relative to municipal finances was made by our depart- 
ment in 1912, I thought it would be a good idea to have our suggestions 
passed upon by an organization that was then holding its meeting, and I 
therefore suggested that we submit certain of these recommendations to 
the treasurers of the various cities and towns at their meeting.. We had a 
very pleasant reply from them, (?) giving unanimous disapproval of the 
recommendations. Later, another conference was arranged and then a 
unanimous vote of approval was given. 

Now, on the 5-year proposition. The committee, at the time the 
matter was considered, hesitated to make provision for extensions into 
new territory, believing that cities and towns should come to the Legisla- 
ture each and every time an extension was desired. Now, I am always 
satisfied with a bite out of an apple if I can’t get the whole apple, and I am 
convinced that in fully 50 per cent. of the cases where they have used the 
5-year provision, it has been ample. I am thoroughly convinced, how- 
ever, that the present general law is inadequate to meet all of the needs of 
our municipalities. You are familiar, I presume, with the fact that there 
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is a statute which requires me to report to the Committee on Municipal 
Finance on every bill calling for the borrowing of money. It is rather 
embarrassing to make a report against one’s own judgment, but these 
reports are necessarily statements of facts as I learn them and it is left 
for the committee, after hearing all the evidence relating to the subject 
in question, to act as it deems proper. But it seems absolutely unfair 
to me for one city or town to be authorized to borrow for 30 years; another 
for 15 years; another for 20 years; and perhaps another for 25 years. 
It is absolutely unfair and unreasonable. I personally believe that annu- 
ally recurring costs, whether they be for water main extensions, building 
schoolhouses, or building streets should be paid direct from revenue. We 
are told to let posterity pay the costs, but posterity has several troubles 
being passed down to it. The policy of paying as you go, for at least the 
annually recurring costs, is, in my opinion, sound. 

Now, as to the cost of interest — I was on the unfortunate side on 
that in 1916. I stated to the committee, or to the Special Committee 
of the Association which appeared before the committee, that I believed 
they were getting what they did not want and were not getting what they 
really wanted. Now, that law has been on the statute books some 6 years 
and has been availed of probably three times in the 6 years. In that 6 
years, I think it is a safe assertion to make that there have been at least 
50 to 75 special bills passed. 

The reason I speak of that 5-year exemption is a matter of psy- 
chology. When you are getting something now, something that is of 
great benefit, you pay for it willingly; but we find that we have outgrown 
many of our systems — the street mains need to be relaid and it is not 
practical to relay them from water revenue, neither is it possible, under 
the general law, to relay them bya loan. I firmly believe that there should 
be some provision for meeting this difficulty, and I had the audacity to 
recommend, when the consolidation of the laws was being made, that an 
amendment to what is now Chapter 44 of the General Laws be considered 
by providing that cities and towns might borrow for from 15 to 20 years 
for laying er relaying street mains of 6 or 8 inches in diameter. Now, I 
haven’t any idea whether that is scientifically correct or not, but I have an 
idea that such an amendment would relieve the Legislature of a great 
many special bills. I also recommended that provision be made for the 
construction of reservoirs and standpipes, with a like term for loans. Under 
the General Law, as I understand it, you cannot borrow for that purpose 
at all — not even under the 5-year provision. 

Now, to show how things work out — and no doubt there are gentle- 
men here who have been in the Legislature, and know the legislative 
machinery, so that it does not seem quite right or proper for me to criticise 
them — but in the present year, 1922, I had this experience. A certain 
person came in who had been both in the House and the Senate — a very 
pleasant gentleman to meet and a very able man — and he said: ‘ We 
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are up against it in our water works; we must have a special bill through.” 
I therefore drafted a bill for him in the usual broad form, and this was 
reported and enacted in a very short time. It was impossible for me to 
tell the standing of the past loans of the town in question, but in follow- 
ing them through I discovered, after the Legislature had adjourned, that 
there was a special act on the statute books allowing borrowing for the 
purpose in question that had been there for, I guess, some 10 years, and 
it had not even been touched — not a single dollar had been charged 
against it. 

In 1913, within a few weeks from the passage of the General Municipal 
Indebtedness Act, one of our cities secured a special act which permitted 
it to lay a large main from a reservoir down into the city. It was recog- 
nized by the committee in 1912 that water legislation could be sought con- 
stantly by the cities and towns. I know, in fact, of only one city that I 
can recall that was absolutely refused legislation. This was refused, I 
think, for the reason that one of the petitioners made the statement: 
“You see we have the lowest water rates in the State,” giving their minimum 
charge at $6.00, and I am not sure that this rate was not the maximum. 
I think the charge was a flat $6.00 Well, they did have a low rate, and 
naturally the water works went to pieces, and so far as I know it is about 
in that condition today. It is impossible for them to give an adequate 
supply of water. I can recall only that one city that was absolutely 
refused legislation. 

Now, there is no question but what special legislation will be granted 
under proper conditions. I agree with you that it ought not to be necessary 
to seek such legistation. Unfortunately, I am in a position where the 
majority of the members — in fact, the committee — are in disagreement 
with me. I was in hopes, and I expressed to the President of your Asso- 
ciation, that he would go before the commission now sitting to urge, and 
that the commission would recommend, legislation that would relieve the 
Legislature of a number of these special acts. I know they regret very 
much that they could not be present at this meeting and get first hand from 
you your feelings in this matter, but it was stated just before adjournment 
of the commission today that they hoped that a committee of your Asso- 
ciation would appear at a meeting and discuss this question from your 
standpoint. Personally I would like to see the legislation broadened so 
as to permit borrowing for a reasonable period of time for street mains, for 
reservoirs, and for standpipes. I do not say that that would cure all of 
the evils, but it would be very helpful and would reduce the present special 
legislation to a minimum. 

So far as ordinary extensions and their connections are concerned, it 
seems to me that it is perfectly right and proper that these annually recurr- 
ing charges should be put into the tax rate. Now, when you consider that 
the interest cost on a 5-year loan is practically 12 per cent. or upwards, on 
a 10-year loan is 22 per cent., on a 20-year loan is 42 per cent. plus, and on 
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a 30-year loan is 62 per cent. — or under the plan with the 3-year exemp- 
tion is 70 per cent. — of the original cost, the interest is quite anitem. And 
I think, furthermore, when you realize that the bonds of Massachusetts 
municipalities are selling on the market at a lower rate than those of any 
other State in this Union some credit is being given in return for the 
splendid Municipal Indebtedness Act of 1913. It is not perfect by a long 
ways. It is not easy to amend; but I sincerely hope that certain amend- 
ments can be obtained that will relieve special legislation. 

I do not question for a moment the intent of the members of the 
Legislature, because they are trying to’ carry out in principle some of the 
laws which were enacted as the result of special study and I hope they will 
continue to do so. However, we must recognise that there are certain 
weaknesses in the law, and I would like to see them bolstered up. It is 
not at all pleasing to me to have all the dirty linen of all the cities and 
towns in the Commonwealth washed out at a public hearing, and we always 
have more or less of it at such hearings. 

In comparing municipal plants with private plants, there is one thing 
I think you ought to bear in mind. No private plant will extend mains 
where no appreciable return will be received for many, many years. Mun- 
icipal plants are very likely to extend mains where nothing like adequate 
returns will.be received, and for that reason I question whether or not it 
is fair to assume that a municipality ought to be allowed to incur debt for 
construction, for capital purposes, to the degree that you naturally will 
expect in private plants. I think it has a bearing, knowing the town 
governments as I meet with them. In my own town, to my knowledge, 
we have not borrowed for water works for 12 years. I think they have a 
very comfortable working balance. We have a very reasonable rate, but I 
feel sure that 100 of the fire hydrants could be eliminated in our town if 
the existing street mains were replaced by larger mains. How long present 
conditions will continue, I am not sure, but I do know this — there is 
not a great deal of advantage in having an extra pump come in to fight - 
a fire when one pump has just about milked the pipe dry. We do outgrow 
water mains, and very few, if any, municipalities are willing to take the 
criticism which would follow the installation of new mains that would be 
adequate for 50 or 75 years. I think it would be almost impossible to get 
them to do it. So that you have to recognize that you have not only 
depreciation on account of the life of the mains, but you have a further 
depreciation on account of necessary renewals. 

I did not intend to say very much except to call your attention to the 
Act of 1913. The 5-year clause particularly was not put in with any idea 
that it corresponded to the life of the mains, but it was the only relief that 
it seemed possible to get at that time. It is a good deal like the 25 cent 
clause on departmental equipment. I have been laughed out of court 
several times on the matter, and the only way you could convince the 
committee at that time was to say to them: “ Here is a town of a half 
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million valuation; they want a road roller, and towns do need road rollers. 
Is that town going to put $7.00 or $8.00 on the tax rate to buy a road roller?” 
Now, a dollar is a dollar, and it is just as much a dollar in the small town 
as it is in the city. You take the 25 cent clause in Boston with its one and 
three-quarter billion —- they have to get three or four hundred thousand 
dollars in equipment before they can borrow a nickel, but when you get 
into the small towns, they have only a very small amount in the tax rate, 
so that relatively it was all right. I think it has worked out very comfort- 
ably for all our municipalities. 

But whatever the right period is for a loan for relaying mains, stand- 
pipes and reservoirs, it seems to me that you ought to arrive at some solu- 
tion of that problem and thus eliminate, I should say, at least 90 to 95 per 
cent. of the special acts. 

Mr. SHerman. I have been greatly pleased by what Mr. Waddell 
has said, and to learn that he and I are so very closely in accord. In the 
last analysis, what he has said and what I have said come pretty nearly 
to the same thing. 

One of my inferences, is that the 5-year limitation on bonds for water 
works extensions, resulted from a “trade” in the committee. I have no 
question that some kind of legislation was necessary, but when you compare 
the particular clause of the law which limits our bonds to 5 years, with the 
following one which allows 20 years for gas and electric lighting bonds, 
you see that there is absolutely no consistency between them. Either 
water works men did not know what was being done, or were not properly 
represented at the time this legislation was put through. 

I think that the term and proper amount of any municipal water 
works bond issue ought to be fixed with reference to circumstances of the 
particular case, by some authority which may be considered more or less 
expert in that line, and which is constantly dealing with such matters. 
It seems to me the Public Utilities Department is the natural one to have 
such jurisdiction. Municipal water bonds, although issued to provide 
funds for some specific improvement, are not secured by any particular 
part of the works, but by the plant as a whole, and with the credit of the 
municipality behind them. There is no particular reason, therefore, to 
limiting the term of some bonds to say 10 years, and allowing perhaps 
30 years for others, especially if no bonds for 50 to 75 years are issued when 
bond purchases are made, or very long lived structures are built. In 
general, for water works as a whole, 30 years is a fair term for bonds which 
will be properly secured during their life, if not issued for more than 80 per 
cent. of the cost of the works. 

One other point which Mr. Waddell has stressed — and it is a very 
important one — relates to the constant diversion by some of our cities 
and towns of water works revenue to other municipal uses. It is an evil 
which we as water works men must undertake to cure. It can’t go on 
indefinitely if the water works are to be on a proper basis. Just what 
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kind of legislation would assist in doing that I am not sure, but I think 
some kind of a general law could be framed, and I hope it could be passed, 
which would absolutely prohibit the diversion of such funds. 

The water works utility, if owned by a municipality, should be run 
entirely separate from other municipal affairs. Its earnings should be 
devoted to the Water Works Department.* The Water Commissioners 
should be required to establish rates sufficient under ordinary circumstances 
to cover the interest on debt and the debt retirement requirements, operat- 
ing expenses, and such ordinary extensions as are, as Mr. Waddell puts 
them, annually recurring expenses — things that can be foreseen and 
expected. On the other hand, once in a while the need arises in any grow- 
ing city or town, for a radical reinforcement of the plant, and borrowing 
is the only way to properly meet such a contingency. If the sum required 
is a large one, you do not get great help from your borrowing if you have 
to repay in 5 years; you do not get as much as you ought if you have to 
repay in 10 years. Whether it should be 20, 25 or 30 years is perhaps 
something for argument. 

The Legislature can very well establish general principles and limits 
which must be conformed to, but the Public Utilities Department, or some 
other competent body, should do the regulating. 

Mr. Georce F. Merrity.t I was very much interested in Mr. 
Sherman’s paper, and I was glad to hear Mr. Waddell bring out the things 
which he did. 

Every water works man throughout the State knows that almost any 
system that was designed as early as 1872 is wholly inadequate to furnish 
service to anywhere near the insurance requirements today, and I believe 
that bond issues should be provided for renewals. 

I also think that we need a clearer interpretation of what constitutes 
a renewal. For instance, in one case I know of it was desirable to lay a 
16-in. pipe in a street that only had a 4-in. We were informed that an 
interpretation was received from the Bureau of Statistics that that would 
be a renewal and we could not issue bonds on it. However, if we had laid 
this 16-in. pipe on the other side of the street and left the 4-in. pipe in ser- _ 
vice where it was, it would have been new construction. That is a point 
that should be cleared up. I think it would not be desirable to specify 
in the law the size of pipe which would constitute renewal. In some cases 
it may be a size of 3 or 4 in. increased to 12 or 16. It is a matter of local 
conditions. 

I also think Mr. Sherman made a very good point in the comparison 
of the 20-years time of bond issues for municipal electric light and gas 
plants, with water works issues, and it might be to the point to state that 





* In some cases it may be practicable to assess sewer users in this form of additional water rates, and 
thus provide the money necessary for maintaining and operating a sewerage system without recourse to 
the general tax levy. Such a practice is not really in contravention of the above principle, but a special 
form - assessment for sewer maintenance, and the accounts ought to be kept in proper form to show it 
as suc 
t Superintendent Water Works, Greenfield, Mass. 
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their depreciation is about 10 per cent. while the water works depreciation 
is far less. It is a rather illogical part of the law. : 

I think we are getting a good deal of good out of this discussion. 

PRESIDENT BarsBour. It is a fortunate thing for Mr. Waddell that 
there are no insurance men here, apparently. This is the first instance I 
have ever heard of where there were too many hydrants. 

Reference has been made to the different methods of handling bond 
issues for privately owned plants, which come under the supervision of 
the Public Utilities Commission. We have with us a member of that 
Commission, and we would like, I know, to hear from Mr. Wells. 

Mr. Henry G. Wetts. Mr. President, and Members of the Asso- 
ciation: There is not very much that I can say to you gentlemen except 
what appears upon the statute bocks of the Commonwealth, with which 
you are all doubtless familiar. 

I am reminded a little bit of the famous colloquy between Chauncey 
Depew and Rufus Choate at a dinner. They were both seated at the head 
table, and Depew said to Choate: ‘“‘ Well, this is another case of a nickel- 
in-the-slot machine. You put down a lunch and a speech comes up.” 
Choate replied: ‘‘ Yes, and sometimes you put down a speech and a lunch 
comes up.” Depew thereupon replied: ‘ Well, it is better to have 
lunched and lost than never to have lunched at all.”’ P 

After hearing all the tales of woe from members of the Association, 
and also from Mr. Waddell, I trust that all of your companies are not in 
the same situation that some of the other Public Utility companies are in. 
They tell the story about a railroad out in the middle west, which two men 
were discussing, and one man said, ‘‘ Don’t you know that railroad: is of 
Divine origin?” “ Divine origin?” said the other; “how do you make 
that out?” ‘ Why,” the first man said, “ you know in the first book of 
the Bible it tells about how God created all creeping things.” 

I trust our companies haven’t got in that state yet, although there 
is some talk about pressure over here on the part of Mr. Waddell. 

Some little suggestion was made here that perhaps the municipal 
plants might like to come under the control of our Department. Now, 
I assure you, gentlemen, that we are not looking for any more work; we 
have troubles enough of our own now. About a year ago the Legislature 
wished on us — by what legislative reasoning I do not know — the en- 
forcement of the so-called ‘ Blue Sky” law. What the sale of securities 
has to do with public utilities I do not know — the sale of private securities, 
at any rate; but, nevertheless. we are trying to administer that law, and 
along with our other duties it gives us trouble enough. 

However, to come specifically to the suggestion made by your presid- 
ing officer, private water supply companies come under our jurisdiction to 
the same extent, practically speaking, that’ gas and electric light com- 
panies do. 
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Reference has been made to the provision relative to municipal gas 
and electric plants where bonds are issued for 20 years. As to private gas 
and electric plants and private water companies there is no provision as to 
the length or period of time. We were told until a short time ago that 
bonds could be issued up to the same amount as the capital stock: That is, 
they should be relatively 50-50; that they should bear interest at the rate 
of not exceeding 6 per cent., and could be secured by mortgage, but should 
be issued under such terms and conditions and restrictions as the Depart- 
ment might lay down. In view of the financial stress of the past few years 
that law was changed, eliminating the provision that the bonds should not 
exceed 6 per cent., and providing also — I neglected to state that these 
bonds must be issued at par — providing also that bonds which were issued 
under a pre-existing mortgage could be issued below par if the Department 
so approved. In other words, where there was an existing mortgage and 
corporation bonds had been issued at 6 per cent., future bond issues must 
also be issued at 6 per cent., and under those circumstances the bonds 
could be issued at less than par. That, I believe, is the general provision 
affecting gas and electric companies privately owned, and also relates to 
water companies privately owned. So that any private water supply 
company petitioning the Department for an issue of bonds comes to us and 
we turn the figures submitted over to our Accounting and Engineering 
Departments, and they are gone into thoroughly and under the law we 
prescribe that those bonds, whatever we allow, shall be issued at a certain 
rate of interest, and that the proceeds on those bonds shall be devoted to 
certain specific purposes, usually set forth in the petition. 

I think one of the speakers referred to the fact that bonds ought to be 
allowed to be issued up to 80 per cent. of the value of the plant. I-assume, 
of course, that he is referring in that instance to the municipally owned 
plants, because as to privately owned plants with an issue of stock outstand- 
ing, I do not believe he would agree that they ought to be allowed to issue 
bonds up to 80 per cent. of the value of the plant. Certainly those gas 
and electric companies which during the war had an outstanding bond issue 
of an amount, say, equal to 50 per cent. of the stock, found their credit in 
a very precarious situation. In other words, the gas and electric companies 
which had small outstanding debts, as represented either by notes or bonds, 
during the financial stress found themselves in much better condition and 
could render much better service to the community than those companies 
which had large outstanding debts represented by notes and bonds. 

Now, of course if the Legislature in its wisdom, and with its power of 
determining principles, should give to the Department of Public Utilities 
the jurisdiction over municipally owned water companies, we would assume 
the burden with as good grace as we could. 

But I want to suggest one thing: Having been a member of the 
Legislature for a considerable period of time, I know you will encounter 
this proposition: There is always running through that membership an 
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intense interest in the so-called principle of home rule, and I am afraid you 
will find that if an attempt is made to put municipally owned water com- 
panies under the Department of Public Utilities, you will immediately stir 
up a cry of centralization and taking away the principle of home rule from 
those municipalities. I simply want to throw that out as a suggestion, 
because I have seen that done so many, many times. 

I thank you, Mr. President. 

Mr. Reeves J. Newsom.* Mr. President, while Mr. Waddell is here 
to comment on the matter I would like to point out an illustration of the 
requirements of the water department and its relations to the 5-year 
term in the Municipal Finance Act. 

The City of Lynn Water Department, until 1921, had for its use all 
of its receipts. As a result of that no money was ever borrowed for any- 
thing except permanent extensions to the supply of the system. That is, 
all the bond issues were 30-year bond issues. Beginning last year the 
system was changed and a specific appropriation was made for the water 
works and the receipts were turned into the general revenue. The result 


was that the size of that specific appropriation was such that nothing but™ 


ordinary operative maintenance could be carried on, and it became necess- 
ary to borrow money for all extensions to do work. It was impossible to 
put any services to new houses or install a meter or lay a new main without 
borrowing money for that purpose. And the result is, of course, that we 
have had to issue a lot of those 5-year bonds. 

Now, Mr. Waddell pointed out the evil of issuing bonds for annually 
recurring expenditures, and this is an instance of how the city has been 
forced to do that very thing, because it is not allowed the use of the revenue 
which it gets from the water. 

Mr. Frank E. Winsor. In applying the conclusions of Mr. Sher- 
man’s paper to specific cases, I would call attention to a danger in using 
general statistics of this kind, which may be overlooked and which should 
always be borne in mind in fixing the date of maturity of bond issues, 
namely, obsolescence. The considerable number of water works struc- 
tures which become -obsolete in a relatively short time is perhaps not 
appreciated by many of us. For example, I have in mind a filter plant of 
10 acres which after an average life of less than 20 years will become obsolete, 
also pumping plants, buildings, etc. which will become obsolete after 
lives varying from 10 to 50 years. Similarly, parts of a distribution system 
frequently become obsolete from the necessity of replacing small pipe by 
larger pipe. 

Mr. Wavppetu. I do not think I made clear the situation under the 
5-year statute, and I would like also to make clear the position that I 
occupy. 





* Commissioner of Water Supply, Lynn, Mass. 
+ Chief Engineer Water Supply Board, Providence, R. I. 
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It is not my purpose at any time to attempt to influence legislation, 
except to maintain standards, and it seems to me that your Association 
must appreciate the proposition that you are facing, and while you may 
not get your ideal at the outset, if you work in that direction you will arrive 
at it much quicker than by trying to take everything knowing that you 
won’t get anything. 

The pay-as-you-go basis, I would like to say, should be followed, not 
only in connection with the water works. In my own town, we started 
off by eliminating borrowing for sidewalks that we could put in the tax 
rate every year; then we eliminated borrowing for annually recurring . 
costs on the streets, and for annually recurring costs on sewers. 

Do not understand me to say that if you have a large project, you 
should not borrow, because I believe you should; but I am cutting out the 
annually recurring costs. If you are building schoolhouses every 5 years, 
you should not have a 20-year loan to pay for them. 

I have incessantly advocated an appropriation by the municipality 
for fire service as well as for department charges. We have always ad- 
vocated that, and fortunately we get it in most municipalities now. I am 
not bothered so much as to the separation of the actual cash as you are, 
naturally, but I am very much interested in showing what is actually being 
earned and what is actually being expended. 

In whatever legislation you seek, I would only say that, if I have any 
influence, I shall be glad to use it, for I always like to pass along any infor- 
mation I have, believing that by and by we shall, at least, accomplish a 
part of our ideal if not the whole of it. 

Mr. SHERMAN. In response to the point raised by Mr. Winsor, I 
want to say that the statistics of which I made use in arriving at the general 
conclusion include many large works in which there have been unquestion- 
ably and unavoidably a very considerable number of cases of just the kind 
of obsolescence he referred to. The fact that the statistics include detailed 
history of abandoned plants of the Portland, Maine Water District, the 
Denver Union Water Company, the Pennsylvania Water Company, the 
Spring Valley Water Company of San Francisco, and the Indianapolis 
Water Company, besides a number of smaller ones, of itself shows the im- 
possibility of such obsolescence having been avoided in making up the de- 
preciation estimates. The statistics for these cases are very complete and 
very trustworthy, and they are the sole ones on which I have depended in 
making up this general estimate. 

Mr. Haruaway.* Mention has been made regarding the appropria- 
tion by municipalities of budget moneys for this and that purpose and in- 
cluding water works funds and its purposes. 

I am aware that most of the so-called ‘‘ budget experts ’’ and municipal 
research theorists do not agree with me in the opinion that a municipally- 





* Water Registrar, Springfield, Mass. 
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owned water works should not properly be included in the city’s annual 
budget. 

The listing of any self-supporting “ public service enterprise ”’ in a budget 
of governmental departments entirely supported by tax levy only results 
in mystifying and misinforming the tax payers and the general public, in 
whose minds the “ budget’’ means but one thing, viz.: the apportionment 
of their taxes to the various governmental requirements of the year. 

I am sure that every thinking person will admit the truth of this state- 
ment upon serious consideration. 

One of my good friends at home (a prominent lecturer and a man of 
more than ordinary intellectual attainments) some years ago said to me, 
“T see that in my copy of the city’s proposed budget for this year appear 
appropriations for payment of water bonds, for water bond interest, and 
for water works sinking fund, and you told me a while ago that our water 
works is a self-supporting enterprise and that none of my taxes are used or 
needed for such payments! What does it mean?” 

I replied that “‘ Of course you, as well as other interested taxpayers, 


would not be apt to notice that on one of the first pages are listed certain” 


items of estimated revenue from fees, licenses, and other sources, together 
with only enough of water works revenues to offset the so-called appropria- 
tions for water works purposes; so that such ‘‘appropriations”’ are merely 
a matter of formality to please the ideas of the budget maker, and actually 
do not affect the tax levy at all. 

Some years ago I suggested to representative of a research bureau in 
Springfield that any reference to the water works as a department be left out 
of the budget; but that, if desired, special pages might be appended in the 
back portion of the budget, on which might be listed all self-supporting 
“ public service enterprises ’’ owned and operated by the municipality — 
such as, (#) water works, (6) gas plant, (c) electric plant, ete. — and under 
each could be shown the estimated and classified revenues and expenditures 
of same, as tentatively forecasted by the commissioners, trustees, or other 
bodies, in charge of such respective enterprises. 

I am sure that this method would be far less confusing and more in- 
forming to the taxpayers and the general public, and is one of the things 
I had in mind when I suggested in my paper that a non-political body out- 
side of the local city councils should be appointed to see that a complete 
separation should be maintained of such public service enterprises from the 
local political governing bodies, in order that a business administration 
instead of a political one might clearly show the proper relations of the two 
to all citizens at all times. 


Mr. Leonarp Metcatr.* ( by letter). Mr. Sherman’s paper is a 
sound, concise and altogether admirable statement. It reflects the point 
of view of the banker or critical investor as well as of the engineer and the 





*Of Metcalf and Eddy, Consulting Engineers, Boston. 
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water works operator. It is based upon a careful analysis of sound theory 
and of reliable records of water works operated intelligently and for long 
periods of years. 

What the writer has to say is dictated rather by the desire to call 
attention to and emphasize certain facts, well known to the author, than to 
contribute essentially new ideas to the discussion; and thus to prevent the 
drawing of erroneous conclusions from some of the statements contained 
in the author’s paper. 

A water works plant is essentially a continuing property. Under 
normal conditions, it never dies unless the community which it serves itself 
dies. The structures constituting the physical part of the property, on the 
other hand, have limited lives. They wear out, are outgrown, or become 
obsolete from one cause or another within varying periods of time. They 
are replaced or superseded by new units or groups of structures. But there 
is an average period of existence of the structures, making up the physical 
plant, and this period is the one to which we refer as the average life of the 
plant. 

Practically, individual groups of structures go out of service, for one 
reason or another, from time to time, and the investment involved by them 
must, on the one hand, be retired, repaid or amortized, and the new or 
superseding structures be covered by new investment; or, on the other 
hand, the maturing investment must be reinvested in the replacement of 
the existing or of the new and better adapted structure to do the work of 
the old structure. The property continues to live and to serve. 

What generally happens is that from year to year, after the initial 
construction of the plant, the plant is extended to meet the growing needs 
of the community. But with the normal growth of cities in this country 
of 25 per cent. to 30 per cent. per decade, radical changes, involving major 
betterments and extensions, substantial replacements and some abandon- 
ments have to be made, at intervals of from 10 to 15 years, more or less, 
which in turn involve extraordinary expenditures. These expenditures are 
usually financed by bonds, in large measure if not wholly, because they 
are involved chiefly by the extensions and betterments and because they 
cover structures designed to meet the requirements of the future 15 or 
20 or even 40 and 50 years hence rather than of the present moment. 

To the extent that the work involves replacements or abandonments, 
the old investment must be retired. When retired, these old abandoned 
structures and the investment upon them are no longer of interest in 
subsequent valuations of the property. 

The author deals, quite properly for simplicity and clearness of con- 
ception, with the entire property from its inception, rather than with the 
existing property only — that is with the original property less abandon- 
ments — because he is discussing the life of the investment or bonds 
issued against it, but the difference should be noted, since the usual problem 
faced in the valuation of water works, in dealing with the depreciation of 
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any property, is the determination of the depreciation upon the existing 
property, rather than the depreciation and abandonment upon the entire 
property from its inception. 

The life histories of water works in this country as continuing proper- 
ties, indicate that the structural property gradually decreases in value de- 
spite the increment in value involved by the minor annual betterments, 
until the average life cycle of the structures is reached, or until the minor 
betterments approximate the annual rate of depreciation, after which the 
so-called percentage condition, or full value less fair depreciation allowance 
of the structural property, remains constant on the average, fluctuating 
materially only at the more or less periodic times of reconstruction and 
betterment already referred to. 

Thus it has been found that in the smaller, slower growing plants, their 
condition varies from 90 to 92 per cent., and the accrued depreciation upon 
existing structures only, often or perhaps generally ranges from 8 to 10 per 
cent. of the full value of these structures and that the amount of the aban- 
doned property is relatively small, say from one-quarter to one-half in 
amount of the accrued depreciation upon the existing structures. But in 
the older plants serving the larger cities, their condition generally varies 
from 84 per cent. to 88 per cent. and the accrued depreciation from 12 per 
cent. to 16 per cent., and the amount of the abandonments ranges from 
one-half to the fullamount of the accrued depreciation upon the existing 
structures. 

Upon the thirteen typical plants cited by Mr. Sherman with respect 
to which full records were available, the accrued depreciation upon exist- 
ing structures averaged 12.9 per cent; the abandoned structures averaged 
7.7 per cent. of the existing structures only; the combined accrued-depre- 
ciation-upon-existing-structures and abandoned structures averaged 19.7 
per cent. of the value of the combined existing and abandoned structures; 
and 22 per cent. of the existing structures only. 

The conclusions reached by Mr. Sherman appear to be sound and to 
indicate the principles upon which this Association should stand, and which 
should be reflected in the laws of this state governing the financing of 
publicly owned water works. 
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DISCUSSION. 
BY FREDERIC I. WINSLOW. 
(By letter.) 


[September, 1922.] 


SHouLD WATER DEPARTMENTS BE MERGED WITH OTHER MUNICIPAL 
DEPARTMENTS? 


The heart of the question raised by Mr. King’s thoughtful paper lies 
in the vexed and unsettled problem of good city government. As Mr. 
Sherman states, the trouble bears hardest on the small towns where depart- 
ments are merged, as the larger cities are compelled to have at least one 
competent head, or speedily suffer. It was said of the late Richard M. 
Croker, when he was “ Boss”’ of New York City, that he was always 
careful to select competent engineers in order to actually prevent other 
appointees from disgracing his administration of affairs. 

But whether the departments are consolidated or kept apart, the 
allocation of a water department surplus to any other department short of 
appropriations, will still be a custom. 

To make the relation between the water and the other departments 
equitable, every gallon of water should be paid for to the water department. 
And the water department should be placed on the same footing as any 
private utility in the same town, so far as compensation for the use of 
the streets is concerned, 

Along this line for many years after the Boston water works were 
installed, the revenue fell far short of meeting the expenses, and the city 
made annual appropriations to meet the deficits. Later when the water 
works did pay, an attempt was made to reimburse the city for this, but 
probably the water works is today in debt to the city for the last genera- 
tion’s deficits. So it is not wholly a one-sided question. From the stand- 
point of the water-works man, the departments should be maintained 
separately, but from the viewpoint of the municipal expert, all must 
be consolidated, and this apparent clashing can only be met by placing 
at the head of the water department a competent head. The subordin- 
ates cannot be expected to be above the ordinary level of the public em- 
ployee in general. 

Just now the City Mariager idea seems to offer a solution of this ques- 
tion, but this departure appears to be falling into less favor in the eastern 
portion of the country, although fairly holding its own in the west and 
south. 
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Wuy WE SuHovutp Inspect WaTER Works ECUIPMENT. 
[September, 1922.] 


While it is a fact that the most disastrous and costly breaks in the 
water works system are usually due to a cause other than any remediable 
by any inspection at the foundry, this in no way minimizes the value of 
insistent inspection. ‘‘ Eternal inspection is the price of satisfactory 
castings.” 

The “rigid bearing ”’ has been responsible for more expensive accidents 
than any other one cause in the history of the water works of Boston as 
well as of other large cities. 

The moral effect of the mere presence of an inert, even if honest, in- 
spector may well be doubted, especially where the brains of the foundry 
exceed those of the inspector. 

But Mr. Lally’s paper is valuable in emphasizing the importance of 
inspection in all details and no municipality can afford to neglect this 
feature of water works maintenance. 
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ROBERT CARTER PITMAN COGGESHALL. 


RoBerT CarRTER PITMAN COGGESHALL was born in New Bedford, 
April 20, 1849. He was the son of Thomas and Caroline (Spooner) Cogge- 
shall, being a direct lineal descendant in the eighth generation of John 
Coggeshall, who emigrated to this country from the town of Coggeshall, 
Essex, England, in September 1632, and settled in Roxbury and Boston, 
and later became one of the founders of the city of Newport, R.I., and at 
the union of the four towns, Newport, Portsmouth, Providence and Warwick 
was made the first president of that colony. 

Mr. Coggeshall was named for the late Judge Robert Carter Pitman, 
an intimate friend of his father and mother. 

He received a primary education at a private school, entered the 
Friends Academy at New Bedford and later became a student at the Rens- 
selaer Polytechnic at Troy, N.Y. 

He gave up the life of a student in the latter part of 1868 to become a 
clerk in the New Bedford post office, where his father was postmaster. 
Five months later he accepted a clerkship at the Bay State Glass Works at 
East Cambridge. The engineering instinct was in him, however. As a 
boy it had sought expression, and he had in vacation periods found employ- 
ment in the surveying department of the Water Works, then first organiz- 
ing and building the water system. In May, 1872, he returned to New 
Bedford to become draftsman, surveyor and general assistant to George 
B. Wheeler then superintendent of the Water Department. In 1877 he 
was elected city land surveyor. At that time, as the city was small (26 000) 
this position did not require full time service. Mr. Coggeshall therefore 
worked into a private engineering practice. 

Mr. Coggeshall entered upon the office of superintendent of the New 
Bedford Water Works and clerk of the Water Board on June 9, 1881, suc- 
ceeding William B. Sherman. He continued in that position until April 28, 
1922, when he was retired on account of ill health. His business life lit- 
erally covered the entire range of Water Works activities in New Bedford 
from their very beginning until the date of his retirement, covering the 
growth of the city from 20 000 to 131 000 population. During all this period 
he kept the water system well in advance of the growth of the city, showing 
great foresight in all his operations. 

The following resolutions adopted by the Water Board at the time of 
his retirement express the esteem in which he was held by that Board. 


‘“WuHEREAS, the retirement of Robert C. P. Coggeshall from the offices 
of superintendent of the New Bedford Water Works and clerk of the Water 
Board, positions which he has filled with unusual ability for a period extend- 
ing from 1881 to 1922, gives us an opportunity to express the esteem in 
which we hold him, and also our appreciation of his long and valued ser- 
vices; therefore be it 
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“RESOLVED, That we, the members of the Water Board of the city of 
New Bedford, take pleasure in placing upon the records of the Board our 
high estimation of his fidelity and ability in the conduct of the affairs of the 
department. 

“The period of his service has been one of constant growth and ex- 
pansion, including, as it does the time from 1894-1899, when the construc- 
tion of the enlarged system of water supply was planned and completed. 

“In his retirement he leaves behind a record of efficiency and far- 
sightedness, which has few, if any, equals in the municipal service of any 
community in this commonwealth.” 


Mr. Coggeshall’s life was also very intimately connected with that of 
this association. He and Mr. Frank E. Hall, then of Worcester, and Horace 
G. Holden, then of Lowell, met by chance at Lowell in February 1882. 
During that meeting the idea of forming an association of Water Works 
men, which had previously been suggested in 1877 by Mr. James W. Lyon 
but had made no further progress, was revived. 

As a result of a great deal of correspondence twenty-one men assem- 
bled at Young’s Hotel at Boston, April 19, 1882, when the matter was 
thoroughly discussed and a committee appointed to draft a constitution of 
by-laws. This constitution was adopted and the association organized 
June 21, 1882, at Young’s Hotel with a membership of twenty-seven. Mr. 
Coggeshall was elected the first secretary at that meeting and served until 
1884. He was president of the association in 1885-86 and again secretary 
from 1887-1895, when his city work increased to such an extent that it 
required his whole time, and he reluctantly relinquished this position. 

He was the first editor of the JouRNAL when its publication was begun 
in 1886, and has always been one of the most energetic promoters of the 
association. He has always contributed liberally to the papers and dis- 
cussions at the various meetings until within the last few years, when ill 
health has prevented his attendance. Even the failure of his health could 
not lessen his interest in the association, as some of the members, who had 
the pleasure of calling upon him during the recent convention in New 
Bedford, can testify. 

On February 10, 1915, he was made an honorary member of this 
association. 

He was also a member of the American Water Works Association, 
the Boston Society of Civil Engineers and the Connecticut Society of 
Civil Engineers. 

He was very much interested in the Masonic fraternity, being a member 
of Star in the East Lodge A.F.& A.M., Adoniram R.A. Chapter, New Bed- 
ford Council R. & 8.M., and Sutton Commandery K.T. He was also a 
member of Achushnet Lodge I.0.0.F. and the New Bedford Encampment. 
He was an earnest and active member of the First Congregational (Uni-— 
tarian ) Society where for years he rendered valuable service as a member 
of various committees. He was a member of the Wamsutta and Brook’s 
Clubs as well as a trustee of the New Bedford Five Cent Savings Bank. 
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Mr. Coggeshall married Ledora Jenny on December 21, 1875. She 
died December 15, 1885. The two children of this marriage, Robert F., 
an electrical engineer in the employ of the General Electric Co., at Schenec- 
tady, N. Y., and Miss Helen R. of New Bedford are both living. 

On April 29, 1890, he married Sarah Wall Almy of New Bedford, who 
also survives him. 

He was an honor to this Association, and as a public official he 
always stood out as an example to the organization for his faithful, con- 
scientious performance of duty. 

His able counsel and genial smile ‘will be greatly missed not only at the 
meetings of this association, but in many of the activites of his native city. 


Respectfully submitted, 


S. H. Taylor, 
C. E. Davis, 
Rosert J. THOMAS. 


CHARLES E. PEIRCE. 


CuarLEs E. Petrce, son of Chauncy and Ellen M. Peirce, was born 
in Lincoln, R. I., June 8, 1848. In 1858 his parents moved to East 
Providence, R. I., where he continued to reside until his death on January 
18, 1922. 

On April 4, 1865, when scarcely eighteen years old, Mr. Peirce enlisted 
in Company H, Third Battalion, 15th U. 8S. Infantry, seeing service at 
Fort Adams, Mobile and Lookout Mountain before being discharged 
April 4, 1868. After his discharge from the Army his interest in military 
affairs was transferred to the State Militia and in 1884 he served as Sergeant 
Major, First Battalion of Cavalry. In later years he was very active in 
affairs of the G. A. R. and at the time of his death was Senior Vice-Com- 
mander, Department of Rhode Island, G. A. R. 

In 1874, Mr. Peirce entered business as a contractor, mason and 
builder. In 1893, he constructed the pumping station of the East Provi- 
dence Water Company and upon the completion of the water works in 
1895, was elected superintendent, which position he continued to fill until 
he passed away. 

On July 30, 1873, Mr. Peirce was married to Mary Wagner of Sharon 
Springs, N. Y. One son, Chauncy Peirce, who died in 1885 at the age of 
eleven, was the result of this union. Saddened by the death of his wife 
in 1912 and with no immediate family Mr. Peirce sought consolation and 
companionship in various fraternal organizations with which he was 
affiliated. He was a member of Redwood Lodge No. 35, A. F. & A. M., 
Solomon’s Lodge of Perfection, R. I. Council Princes of Jerusalem, R. I. 
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Chapter of Rose Croix and R. I. Consistory, Reliance Lodge No. 34, 
I. O. O. F., and Howard Lodge No. 12, Knights of Pythias, of which latter 
body he was Past Grand Chancellor. 

In civic affairs Mr. Peirce also took an active interest, serving at 
various times as chief of poli¢e, as a member of the Town Committee and 
as a member of the Town Council of his home town. Always active in 
matters pertaining to the conservation of bird and game life, in 1911 he 
was appointed a member of the State Bird Commission on which he served 
until 1920. 

Elected to membership in the New England Water Works Association 
September 14, 1887, and a regular attendant at its meetings for nearly 
thirty-five years,-his wise counsel, his never failing courtesy and helpful 
service brought to him a wide circle of friends among water works men. 
In his death the Association, the community and the State lose a worker 
for all that was best in many important human interests. 


STEPHEN Der M. Gace, 
ALBERT E. DICKERMAN, 
Committee. 
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PROCEEDINGS. 


NOVEMBER MEETING. 


Boston City CuLus, 
Tuesday, November 14, 1922. 


The President, Frank A. Barbour, in the chair. 
The following were duly elected members of the Association :— 


Active: John L. Morton, Water Commissioner, Plymouth, Mass.; 
Richard Sigfred Holmgren, Lynn, Mass. — 2. 


Associate: Chase Metal Works, Waterbury, Conn., Brass Manu- 
facturers; Fields Point Manufacturing Company, Providence, R. I., 
Manufacturers of Liquid Lime Bleach, Liquid Caustic Soda and Liquid 
Chlorine. — 2. 


Dr. Richard Moldenke, of Watchung, N. J., gave a talk on “‘ Some 
Engineering Aspects of Cast-Iron.” 


A paper on “ Tars, New and Old,” illustrated with the steropticon, 
was read by Mr. S. R. Church, Chemist and Manager of Oil and Tar 
Division, The Barrett Company, New York City. 


Moving pictures were then exhibited showing the making of pipe by 
the sand method, and also showing the centrifugal process of casting pipe 
at the new plant of the United States Cast-Iron Pipe and Foundry Com- 
pany, Birmingham, Ala. 

Mr. CuHartes W. SHERMAN. Mr. President, we have experienced 
a most remarkable meeting of this Association, and as a very slight expres- 
sion of our appreciation of what has been given to us here I move a rising 
vote of thanks to Dr. Moldenke, to Mr. Church, and to the United States 
Cast-Iron Pipe and Foundry Company. 


(The motion was duly seconded and unanimously carried by a rising 
vote.) 


(Adjourned.) 
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